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Even though I had to read this book through Google 
Translate, The Tao of Rust is an extremely interesting 
book.It starts off explaining exactly why it is different:it's a 
book that gets you to think about Rust,and its perspective 
on the world.I only wish I could read it in its native 
tounge,as I'm sure it's even better then!I have been 
working on Rust for six years now,and this book changed 
my perspective on some aspects of the language.That's 
very powerful! 
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I knew Rust was a notoriously difficult programming 
language to learn,but it wasn't until I read the preface to 
The Tao of Rust ,by Alex Zhang,that I realized why it is so 
difficult.Alex writes: 


Rust covers a wide range of knowledge,including 
object-oriented,functional 
programming,generics,underlying memory 
management,type systems,design patterns,and more. 

Alex covers all of these topics and more in The Tao of 
Rust .A single text that ties all of this together will be 
invaluable for Rust learners.So far I've read a couple of 
chapters translated from the original Chinese,and I can't 
wait to read more. 
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LİLİLİTİLİLİ İLİLTLİLİLİLİTİLİLİTİLİLİTİLİİLİLRusti İ İTLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİ 
UU Rust 1 TLTİİLİİLİİLLİİLİİİRüusti HUUU 


070 00000 OOQ000 Rust IILI IILI IILI ITT 
LİLİLİLİLİL İT OOO ADO ODO nn ny Rust 
LİLİLİİLİLİ İLİ TLİLİLTLİTLİLİTİLİTRüusii T TİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİ 
DELI EDO Rus TİTİİ 


1 8 0 00000000 00000000000000000000Rust (00000000 
00000000 Rust 400000000000000000000000000000000000000 
00000000000Rust O 000000000000000000000000000000000 00 
III) 
VectorTlIKey-ValuelluUlHashMap [100000000000 HashMap [101 
0000000 Rust 000000HashMapl]00000000000Rust00000000 
00000000000000Rusti]01000000000000000000000000000000 
LİLİ 


0 9 Ti 0000000 OOOOOOOUDOOOOORust OOOOOOOOOOOOOU 
RusttİLİLİ.İLİLİ İİİ İLİLİL İT İLİLİLİLİLİLİL Rusha 
LİLİLİLİL İİ LALA LL 


1101] 00000 OUT 
HUOO Rust İİ İLİLİLİLİLİLİLİLİLİLİLİLİİLİLİİİLİRusti TİLTİTİELİCargoti HO 
LİLİLİLİLİLİİLİLİİİRustİ TİLİİTTLİİTİİİİRust 20 18 ip id id p p E TED ETETDETL 
OUDOOOOOOOOUODOD Rust TİİİLİİcratell 


0111 0000 Rust OOOH 
A A Tİ 
LİLİLİLİLİLİ İLİ TLİLİLİLİLİLİLİL nn İLL İL İİLİLİLLİLİLİLİL Rust 0010 
LİLİLİLİLİLİLİLİL İLİ İLİLİİ TLİ İİ İLİLİLİL İİ AL KLAN 
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6.3.2 Iterator trait 
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LİLİLİLİLİLİLİLİLİLİLİİ? 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İLİLİLİL İL İLİLİ İTİL İLİT İLİ İLİLİT İLİTİLİLİT İLİTİLİLİLİLİLİLİLİTİL. 
LİLİLİLİL İİ İLİLİİ İİİ İLİLİLİİ İT İTİİLİLİLİL İTİL İTİTLİLİL İT İLİLİLİLİT İT İLİLİLİLİL İT İLİTİLİLİL İLİ İTİLİLİİİ 
LİLİLİLİL İİ İLİLİİ İİİ İLİLİLİİ İT İİLİLİLİL İT İL İİ İLİL İT İLİ İLİLİT İLİLİLİLİLİL İTİL İLİLİT İLİ HOOGA 
01000000°00°0 


LİLİLİLİİ İLİLİİ İLİ İLİLİTİL İL İLİLİT İL İLİLİ İİİ İLİT İLİ İLİLİT İLİ İLİLİT İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİLİL İF İLİLİİ TLİ İLİLİLİİ İT İLİLİİLİL İTİL İTİTLİLİL İT İLİLİLİLİL İT İLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİLİLİL İL İİ 11 İİ İLİ İL İT İL İL İLİTİLİLİLİLİLİLİLİL İİ İTİ İTİLİTİL İL İLİLİTİYİLİİİLİLİLİLİLİİİTİİ? 
LİLİLİL İLİ İLİLİL İİİ İLİLİLİL İİ İL İİLİLİL İLİ İT İİLİL İT İL İL İLİLİT İTİL İLİLİLİL İTİL İT İLİLİL İLİ İTİLİLİLİ 
LİLİTLİTİLİLİTLİLİLİ 
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LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLLİLULİLİİLİLİİ C++0000000 50 DUDU 
REDER 

* LİLİLİLİLİLİL İL İLİLTİLİ 

* LİLİLİLİLİLİLİL III 

TIET ZC + + 0QUUUUUUUUUUUUUUUUUUUUUUUUUUUL 
01000002000800000000000000000Ada[O00Adal1000000000000 
DO ADO dond GÓC Codo ng UIDI CITED EIE DUI nunun DECIDE UOCE ETE 
DEIDIEDIEIEIC/C + + EIEIBBIDIEIDEIEI DIEI EID CIE D BOITE AAA AHAA 
00000000000000C/C++00000000 

00000020060000“000000000°0Graydon Hoare [DL 
GHOOOODOUOOOOORust ITT 


LEE OTTO DOG HOHO 
00000000000000000000000000000GA0000000000000000000 
[Rust |] 


“Rust”TİLİLLİTİLLİG ADO DO dond 0000000000 Rust Fungil 
LİLİLİTLİLİLİLİLİLİİ İT İLİLİLİLİİİLİLİLİLİLİİİLİ” 00000000000 QUUUUUUUUUUUUL 
10000000000000050000000s00000000000000000000000000 
00000 *00000°000000 Rustr]begeni Du 1-3 000000000000 
Logolill SHU SULUHU Rusha Rust” T | 
Lİ” BEP TİLİLİLİLİLİ” 000 DOCE DU Rust HUUU 
LE] Rust" OHOOO "Trust" T] Robust" OUT UU UU OOOD 
_Rust'[lLIILILILI LI ILILILI ed DUDU 





L11-111Rusti r Logo 


GHIJ[ LIL ILILILILLILI IILI NO + +I IL 
LİLİLİLİLİ İLİLİ İLİLİLİLİİİLİLİİ2 OH CIO EIE D EIE UU CD UIDI DECIDE TL 
A A A 


000000000 H4 p 
000GH00000000000 
- 0000000000000000000000000000000 
- 000000000000000000000000000000 


* LİLİLİLİLİLİLİL İL İLİ İLİLİLİLİL İİ İT İLİ İLİL LİLLİ İL İLİL İLİTİLİL İT İİ İLİL İLİLİLİLİLİL İİİ) 
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LİLİLİLİL İF İLİLİİ LİL İİLİLİİ İT İLİİLİLİLİL İTİL İT İTİLİL İT İL İL İLİLİL İL İLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
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2.1 Rust III 


bus TITIIDIODIODI 
“ OOO 
UI 
UI 
UI 
UI 


2.1.1 0000 


Rust 000000 Rust 0000 The Rust Reference[][RFCOOOOO 
DU 

Rust III 

Rust HUOO 

* LİLİLİLİLİL İLİLİLİİ TİLİTİİLİ 

* LİLİLİLİL İİ İLİLİLİLİLİ İTİLİLİ TİLİİ TİLLİ 

* LİLİLİLİLİL İLİLİLİİ TİLİTİİİLİ 


LILİLİLİLİLİLİRusti İLİLİLİLİLİLİLİLİLİİİİ İTİ TİTTİTİT DA DAA nunun 
Rust JE DD DICE CECI do nn nn ni 

RFC 

Rust[]HBBODDRECDTBURE CTBEBUUBBDOBO 000000 
A SA A AS 
UU 


Rust]JOOOOOODODORFCOOOODOOOOOOOOOOWORFCOOOOOOOOOD 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLLİRustil İİLİLİLİLİLİRFCLİLU 
LİLİLİLİİLİLİTLİLİLİTLİİLİ 


2.1.21111 


Rust JEDE CIE ER us TİTİTİTEİrustc İiliRusü İLİ İLİNİ 
LICIEBCIEDEIDUIL]-a D-so E] DDT OUT 


rustcl III 

: rustc000000000000UNIX/LinuxJJUNIXOOOOO0O0 Windows 
OOL 

: rustce[ JEJE İLİ TİL İL İLİ İLİLİLİİİ İİ İLİ TLİLİLİLİL İT İLİLİİ İTİTİLİİLİL. 

: rustc İİİ LLVM (İLİİLİLİİ İLİ İLİ bn nun 

: rustc[ buet 1 TTTiiRustifiiii 

: rustc[ Rust İl TLİT İİİ LİLLİ VM İRİ) 

: Tustci JJ ET İLİ İİ İİ İLİ LİF İLİLİTİ İTİLİLİLİYİLİLİİ? 


2.1.3 000 


Rust LİLİT İLİ İLİLİLİİİTİİİLİLİİİRusti on Bd 00000000 0000000 
Rust LUOL 


TUTE oo std]0000000000000000000000000000 
LİLİ 

- [II]]]trait[]]]Copy[]Debug[]Display|]Option|]] 

- HUUUUUHHboolHeharl18/u81116/u161132/u3521164/u6411 
isize/usize[]f 32/f6A[]str[ Jarray[]|slice[]tuple|]pointer(]] 


* 0000000000000000000000String[lVec[]HashMapf]Rel[] 
Arc[]Box{][] 


: ULİLLLLLLPprintiniİlassertfilipanicl İllveclTii 
00000000000000000000 
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Rust JOE CEDE CETT nn nunun unun 


- LİLİLİLİLİLİLİLİLİtrattl o0000000000000d000d00d00d000d00d00000 
API[] 


 OOOVOOOOOOOOOOOOÖOOOOOOOOUDOOUWUSyne trat 00000000 
TCPİUDEPİİLLİİLLLLLVƏLİ 


* LİLİLİLİLTosl İLİ İLİLİİ İTİ İLİLİL İLİ İLİLİL TLİ OOO OOO OOO İL İTİLİLİT İL İTİLİLİLİLİLİLİ 
LİLİLİLİLİLİLİLİİ İTLİ İLİLİLİTLİ. 


- UUNULNUNUN sidEHUmemfistdfiEptrlistdfiHintrinsics 00000 
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“ LILILILLILLILLMOptionliResullfİLİLİLİLLİLLİLL 
2.1.5 (000 


LİLİLİLİLİEİİ İLİ İLİLİrsLİLİİİİİİTİTİLİİLİLİ Oerate NII Rusi IO 
LİLİLİLİLİLİLİLİİ İİLİTLİLİLİ İLİYİ 

Rust DUU UU Ucrates 10 TU doce rel 
OOL 

Rust] 00000000000 Cargo []Rust[][]Cargo 000 Ruby (ji 
bundlerliPythonlilipipliİNode.islİlinpmllliCargoTiHİLİELİELLİLLLU 
bus ITU Cargo HUUUUUUUUUUUUUUUUUUUUUUUUUL 
HUUU don Do UU UU Cargo HUUU 

HUUURustQUUUUUUUUUC arg of TTT arg of UU - 
1000 


ULULL2-111cargotİTi 


1. $ cargo nev bin crate 
2. $ cargo nev --lib lib crate 


100002-20000cargo new TTT 
[cargo pewl DUT bn pb bp D bb cargo build 
[cargo runİlİİİİLİTİTİTİTİİTİLİTİİLİ 
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Rust 0(0000000000000 HStatement [1000 [Expression 
0000000000000000000000000000000000000 
000000000000 0 Declaration statement TI 0 


Expression statement |||] 
OOOO OOO 00000000 tema HAHAHAHA 
Lexterni luselll TTTİTTİİİYL 
° 0U000000000000000000000000000000000000000000 00 
000000000000002-2000 
00002-20000000 


1. // extern crate std; 
2. // use std: :prelude::vl::*; 


3; fn main() { 


4 pub fn ansver() -> (){ 

oe let a = 40; 

B. let b = 2; 

y, assert eq!(sum(a, b), 42); 

8 ) 

9. pub fn sumtas 132, bs 132) €” 152 1 
LU. a t b 

lis ) 


P. answer(); 


100002-20001000200000000000000000OOOOÖUOOOOOU 
prelude[]]00000000000000000Rust000O0cratel0000000000000 
"Tino std]00000000000000 


0000 m0000000000answert]sum[ TT ol function 000 


LiLlansvverT İ İLİLİİ 1 İL İL İLİLİLİ İL İF İLİLİ İLİLİ TİLİ İTİ İTİLİLİL İT İT İLİTİLİLİTİTİL. 
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UU 
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00sum1]0100000000000005200000000000000000000G0aflb 
(OTTO 
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LİLİLİLİL İLİLİL İLİ LİLİT İİİ İLİ İLİ İLİLİLİLİTİLİ TİL. 

LİLİLİLİLİLİLLİLİ İT İRusti 1 İLİLİLİ İLİLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
(OTT Rust OTTO 
LİLİLİLİLİLİ 
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0 net 00000000000 Rust III LIL CD Ee UTTUTI 
00 UBinding İTİTTİTİTİİİİdentifieri NAA Value ITT 


2.3.1 1000000000 


Rust DHDBBBBBBUDUDUDU 0 Place Expression [110000 E 
Value Expression (LLLLLULEİLEELEİLEULValueElLLEURValueHll 


01000000000000000000000000000000 

0000 

0000 

0000 *exprl] 

 00000exprlexprll 

- İLLLLexpr.fieldf) 

0000000 
0100000000000000000000000000000000000000000000000 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİL İİ İLİLİ İİİ İLİT İLİ İLİLİT UO OOO İLİLİLİLİLİLİLİLİLİLİL. 
LİLİLİLİLİLİ 


LİLİLİLİLİLİLİLİLİİ İİ İİİ Tİ Tİ İ İİİ İT İT UU 
LİLİLİLİL İLİLİL İİ İLİ İTLİ İLİ LL UU 


1000000000000000000000000000000000000 Place 
Context 000000 [Value Context [II [IILI IILI II III! 


* LİLİLİLİLİLİLİLİL İLİ İLİ III 

* LİLİLİLİLİLİLİL İLİLİ İLİLİLİ 

* LİLİLİLİLİLİLİİ İLİLİTİLİTİLİ? 
 match[]10let0000000ref000000000000000 


A A A 20 
UU 


10002-30000000000000000 


le pub En tempi => 132 1 

2 return 1; 

3. | 

4. İn main()( 

5 let x = &temp(); 

6 temp() = *x; // error[E0070]: invalid left-hand side expression 
7 


| 


LEE 2-9 DICE ter pL Em a in 00000 itempiiu L IILI II IILI! 
LİLİLİLİLİLİ İLİLİLİT İLİLİTİLİLİLİLİ temp ARUBA İTİL İ İLİ İL İLİ İT İLİLİLİLİLİİLİ 
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001et0000000000000000 0000000 000002-4000000000000 
OI 


00002-400000000000 
dg fn main ()1( 
let a € 1, 
// a = 2; // immutable and error 
let mut b = 2; 
b = 3; // mutable 


J A CO N 


6. ) 
000002-40000aD0000000000000000000000000d0so0d000 
A 


0000000et 00000000000000000000000000 let matt jii 
LİLİLİLİL İLİLİL İLİ LİLLİ TİLİ TLİTİLİ 
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LİLİLİLİİ İLİLİİ TLİ İLİLİLİL İL İLİLİL İL İLİLİ İTLİ İL İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
10000000002-5000 


010002-5000000 


1 fn main () ( 

2 let placel = "hello"; 

3 let place2 = "hello".to string(); 

4, let other = placel, 

or printlnli" [521 ", Ocher); 

6 let other = place2; 

7 println! ("{:?}", other); // Err: other value used here after move 
8 


| 


000002-20000let00000000placelf]place2[000place100001 
000 other place1 [1101000000000000000000000000000000 
Oplace171000000Oother (0000place2[000000otherf ]place2[] 
0000000000otherf] 
00000000000050000000cother(0000000700000000000 
“other value used here after move” (00HH000000000000000] 
0000000000000000000000000000000000000000Rust0000000 
0000000000300000000000 
H000000000000000000000000000000000000000000 
[OwnerShip [0000 Rust (00000Movef[]0000000000000000 
ITT op II) ORust00GC000000000000000000 
00000000000000000000Rust0000000 O& 0000000000000 
010000000000000000000000000000000000000002-6000 


10002-60000000 


L fn main() { 
La let a = [1,2,3]; 


d let b = «a; 

4. prıntıni” ip» DIE 77 ÜXLTODCUS”706 
2. let mut c = vec! [1,2,3]; 

Ss let d = &mut c, 

pm d.push (4); 

8. Prine lat [i420]. 07 77 11, Sg y 4] 
Gë let e = &42; 


10% assert eq! (42, Zei: 
Ilk: 
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OOprintia 00040 LUT UU 


QOnonblet mut ideni eemutr qr en i D pa n 
dl]push1]101000040000000000000000000000 


00000 42 DUDU 
00000000 4200000000000002- 7000 


010002-70000000000000000000000 
1. ee müt Us $132; 
2. let mat 1: 152; 
Ja A const 42132; 
4. 0 & 1, 


00002-700000let e= €4200000000000000000 
010000000000*000e0000000O0Hassert eq] IT 


DEIEIEEIEIEIEI ETE] &ca []E]&em ut. cha chance 
LİLİLİLİL İLİLİLİLİLİLİLİLİİ İLİ? 
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0000000000000000000 main TİTİLİİLİLİİLİLİLİ 00000000000 
O0Omain(100000000000000main(J000000000 


2.4.1 (0000 


DO00000000000000000ta 000 000000000000000000Rust 
00000000000m00000000000000000000000000000000000000 
LİLİLİLİLİLİLİİİLİLİİ 

LİLİLİLİLLİLİFizzBuzzİTİFizzBuzzİULLULLULULLİLLİLLULLLƏTİLLLL 
005220000020000000buzz000005050000000006zzbuzz(]0000 
000000000002-s000 

HEEL ]2-8[ ]FizzB uz z | III 


d pub In 2122 Duzzinum: 132): => String 4 


2 if num 6 15 == 0 { 

3 FSLUEH M"ILLESDUEN".CO SLELEG L) > 
4 } else if num $ 3 == 0 ( 

B. return "funzz".to stringi)! 

6 b else if num $ 5 == O ( 

] STURN. “POZA =. TO String $ 

8 } else { 

9, return num.to string; 

19, ) 

Ads d 


12. fn main () { 


La, assert eq! (Eizz Buzz (15), "fizzxbuzz",to string); 
(ÉP assert eg! (fizz buzz(53), "Tizz“.-to string); 

Lə. GEBGYL BA: iriz2 Des 5), "DUZZ"”.TO String) ) 

16. assert eq! (fizz buzz(L.3), "LSW,Ea string) yi 

LF. 3 


00002-8000fa000000fzz buzz[()]0000000pub fn fizz buzz 
[numl]i52[)-0string(1100000000000 000i5200000Stringl]l0O 
Rust 1101000 DO DO don nun nu un yun [| 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL O DO İLİLİ İLİ İL İLİT İLİ İLİLİL İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
UI retour ITT ol 

return [| LI IILI I III IILI return IILI I IILI III CIL] 
RRE 


LİLİLİİ12-STİLİLİLİto  siringTİLİİTİİLİİLİLİİLİLİİİLİStringlililiRusili 
LİLİTİLİLİLİİTİLİ İS tri g I ILLISLIILILILI LI LILI III I 
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Rust [11000000000000000000Lexical Scopell 00000000 
LİLİLİLİLİLİLİTLİLİLİLİLİİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİULİLİLLİLİLİLİLİ2-9İİLLİ 


00002-900000000 


d fn main()1( 

2 let v = "hello vorldl", 

3 assert. eq! (Vv, "hello world!"); 

4 let v = "hello Rustl", 

D assert eq!(v, "hello Rust!"); 

6 { 

7 let v = "hello World!"; 

8 assert eq:(v, “hello World!"); 


9. ) 
LO assert ed'iv, “hello Russel“); 
11. ) 


0100002-900000200020000000000vi0000hello world II 
000000000000 let 000000 vdood hello Rust TU) Je DUT 
LODOULIDULIE] OVariable Shadow [111000000v00000000000000 
LİLİLİLİL İLİLİL İLİ İLİLİLİİ İTLİ TİTİLİ 


A A A 
0000v000O0hello VVorldfTiL 

00010000000assert eg]00v000000000hello Rusi UI 
LİLİLİLİTİLİLİT İLİ TLİİLİ 

LİLİLİLİİ İLİLİİ İL İF İLİLİL İL İLİLİLİL III TLİ İLİLİT İLİ İLİLİT İLİ İLİLİL İLİTİLİLİLİLİLİLİLİİL. 
0000000000000000000 [Life Time (11010000000000000000000 
01000000 let 0000000000000000000000000 O 


2.4.3 0000 


Rust TİLLİ İLİİİLİ UNLU LL un nun unun 
00002-1 00000000000000 
00002-100000000000 


Le Bub Lü NSLHLODI 141132; 122) <> 102, 81 132, Di 132] -> 1524 
VN op (8. D 

Se | 

i. Tn Sümld! 132, e 132) => 132 | 

. atb 

0. ) 

le Ea products: 132, Di 194) 2 2 | 

Ba SE BR 

İn |] 

10. fn main() 4 

dab y let a € 2; 

12; let b = 3; 

L3. assert eq!(math(sum, a, b), 5); 

14. assert eq! (math (product, a, b), 6); 
l3, | 


000002-1 00000000 ma th İTTİLİLİLİLİİLİLİİLLİnİ15 2L 5 2D] 83:32 
LEID IRust[II I En pointer til 


[jmain[ EDD math VTT TU kum! product haa eur! 
product DD DH D oh S 2013 24-3 ZUUCHT 
A nu uyan 


01000000000000000002-11000 
10002-1100000000000 


lw En 25 Trust) => Bool I true j 


fn true maker() -> fn() => bool { is true ) 


2 

də Eh mami) 
4 assert eq! (true maker () (), true); 
2 


) 


00000 2-11 O000000 is true[][]l] true LH] D D D] U) 
true maker[J[][£n[][]-L]boo! (0000000000 is true (0000000000 
000000000000000000000000000000 


TT main (000000true maker 0000000 true maker HO 
000000O0true make Is true(]000000000is. true 0000000 
HLiruell 


2.4.5 CTPEJJ| 


RustQQOU00UC+ - rH bDBBEBBEBBEBEUDUmUCempile-Time 
Function Execution||CTFEJ 00000Rust 2018 (0000000000 
1.3000CTFEO0000000000000000000000000000000000Nightly 
Rust[]11000002-1 200000CTFEO0000000 —— const £n p TI 

00002-12[0const fni Ti 


1. //#![feature (const fn) ] 
const in init len() -> usize | 


return 5; 


2 

I 

4. ) 
ə in marini) 

6 let arr = [0; init len()]; 
7 ) 


000002-1200000const fol TTT tot len mini i SA 
mainl]0000OLOONIOOOODOOOOOOOOOOOOOUNOOOOOONOOOODU 
init len II] 

Rust KIOO OOOH init len 000 
00000000 CTFE QOOOOOOOO Rust 2018 DUU feature 
[const #n(NNNUNURust 2015(00000000000000const fn000000 
0000000000000000 "M 40000000000const OTI 
LilitiLiconstİİİTTTİİTİTİTİ 

(const MmNO0NO0O0O const generics(|UUULconst generics|] 
LLILLINNUULlimpiLTfHconst NllusizeHFoo for [TON It... }OO00000 
LİELLULİİİLİtriat Fool]0100000000000000000 


Rust[ CTFE O mir 000 Omiri0]O00MIROOOOOOOOOOODO 
Rust] ruste Rust UO 
LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLLİİLİİLİLİRusti TİLİİTLTİC TF EGU 


2.4.6 111 


LİLİİLİTİLİLİTİTİLİT İLİLİTLİİLİ 
* LİLİLİLİLİLİLİLİLİLİL? 

* LİLİLİLİLİLİL İL O ODO dun 

* LİLİLİLİLİLİLİİ İLİLİT İL İTİLİ? 
00002-1 300000000000 
00002-1 300000 


fn main (() Í 
let out = 42; 
il lH u L3 J: 132) + 132 1 1 97 + DÉ) 
Lu GORU 132, Ti 132] > L32 t 1 47 | 


Co o ƏY Un «ee ker BS ES 


let olósure annotated = [le 132, J: 132] => 1324 | 1 +3] + Out); 
let closure inferred = li, j| i 2 + out; 

let i = 1; 

let 3 = 2; 


ES KN 
O +. 


assert eq! (3, addii, 2)); 
assert eq! (45, closure annotated(1, J)); 


be. 4 
NO + 


assert eq! (45, closure inferred(1, 7))7 
. ) 
00000 2-13 000 main (00000000000 add 0000000 


closure annotated| |closure inferred[] 


İİİ) 
0000000000000000 000005000add10100100000000out00000000 
0100005U000600000000000 ou 


LİLİLİLİLİLİİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİZ -14 0000000000000 
10002-140000000000 


1 in closure MatusEs Fit), => 152 (052 E) => 132 4 
SEN op () 

Se 3 

4. İn main() { 

Hs let a = 2; 

oF LƏL b = 3; 

24 assert eq! (math(ll a + b), 5); 

YA assert eg!(math(|| a ” b), 6); 

Je J 


00000 2-14 0000000 closure math I ILILI IILI FO000000 
Pnlll-1132 traitiT İLİİTİLİİLİİİLİLİLİLİF niTT-1132 trait b iit] 


Rust in imb nnb tra 000000 UU (mein E] 
math) UDO UDUlar bul a*brp p p D EET HR S 21 Cm a ER TI 
LİLİLİLİL İLİLİL İİ İLİ İLİ İLİLİLİLİLİLİ İLİLİLİ 


01000000000000000002-151000 
00002-1 500000000000 


1 fn two times impl() -> impl Fn(i32) -> i32 ( 
2 let i € 2, 
23 move |3| J * i 
4 ) 
B fn main() { 
Eis let result = two times ampli; 
2 assert coli (iresultiZ2), 4)7 
8 ) 


000002-150000impi Fnlli52[]-0i5200000000000000Fn 
[15 2111113 2 DODO dond 00d ununu UKUU UA 
LİLİLİLİL İLİLİLİİ İLİLİİ İİİ III UI 

00000000O0 two times impij0000000000move (10000000 
LİLİLİLİL İL İLİLİİ Tİ İLİ İLİLİİ Tİ İLİLİLİL İTİL AL İT İLİ İLİLİT İTİLİLİLİLİL İLİLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİLİLİİİ 1 OOOOOOOOOOOODODO 210000000000000 Rust HAO 


LİLİLİLİL İL IILI İLİLİ İL İL İTİLİLİ İİ İHlmovel İİLİT İL İL İLİLİLİL İİ move YUU 
HUO İLTLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİLİ 


LIST IILI II II 


2.5 0000 


LİLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİTLİLİLİLİLİLİLLİİLİRusil UU Rus Q TETTE 
LİLİLİLİL İLİLİLİLİLİLİLİLİİ İTİL? 


2.9.1 00000 


000000000004000000000000000000000000Rust000000 
0000000 0000000000000000 


111100000002-16000 
00002-160if İT) 


İL. fn main()1( 


3 let n = 13, 

SÉ let big n = if (n < 10 && n > -10) | 
4. 10 * n 

D. ; 6158: 4 

Da n wa 

1. bi 

8. assert eq! (big n, 6); 


9. | 


000002-160010000big. np ibpbib ooo DECIDIR 0000000 
000000000n000130000000000000Rust0000000000i520000:t0] 
000000n00000000000000e!se0000000000n002000006.200000 
000000 ]else00000000000000000000000 


000000000000big. n000000Rust4000000000000is 2000000 
0000000000n0020000Rust0000000000000000000000000 
big_n 0006 


2.9.2 LUUT 


RustliLLİLLİLLULLİLLvvhileflllooplitor.. ini 
LİLİLİLİİİLİLİLİ 


00000for...in(1010000FizzBuzz(]000002-17000 
HEIEIE]2 - 1711Lfor...ini 000) FizzBuzz 


Ls In maliki 

2 tor n xn Li. 101 4 

3 if n 6 15 == 0 { 

4. printini("fiz2zbDuzz")3 
D ) else if n 6 3 == 0 ( 

6 printinit"riz2z")3 

7 } else if n 6 5 == Ü í 
8. erıntln.(”ouzz2”)? 

9. ) else 4 

Lu Prine ae ee AVS 


Lss 


000002-1700for...1n00000000000000101..101000Rangel] 
0000000000for 000000000000000000000000000tor000000s00 
LİLİLİLİLİLİLİLİ İİLTİL. 


00000000000000whileflloopil00FizzBuzz(11000000000000 
0000000000000000oopi000000while truel]0000002-1800000 
while truel]00000000000000000 


0002-1800) while true IL 


in while true(x: 132) => 132 1 
while true { 
return x+l; 


) 


fn main ()( 
let y = while true(5); 
assert eq! (y, 6); 


O OO € O) NM A QU N P 


. 4 

00002-1800000 while true AH while UI true 000 
HUOO Rust TTT 

00000while true[]0000000000000while teuer 3 2 0000 
000000while true ll return (00000000520000000000000 

0000Rust00000while(00000 UFlow Sensitive [DUC 
00000000000 while 0(00000000000000000000000000000000 
while true[]0000000000000000i5200000000000000000 CTFE 
000000while (0000000000000000000000CTFE000000000000 
TTT true[]010000000000000000000 

01000000000000002-19000 

00002-19[ [while rue TI 

En Wht Le TRUC 132) => 252 d 


while true ( 


) 


1. 
2 
Kë return «tl: 
4 
9 x 

6 


) 


000002-19000while truel]0000000050000x000000000000 
0000000i5200000000000000000000while truel]00000 


2.5.3 match 0000000 
Rust] mate h ITU ZOU 


00002-20[matchf UI 


1 fn main() { 

2 let number = 42, 

3 match number ( 

4. D => pridtlini("Orasgain"); 

Ju eee == DELOGLAV ARIEL") 5 

6 | 5 | 7 | 13 => println! ("Bad Luck"), 

7 n à 42 => println! ("Answer is ()", n), 

8 0, ce prtinbinlc-commom ), 

ds 

LU. 4 
HUUUU2-20 match nml D DO OO Eswitch[ case 

LİLL 


O0Rust0000match(]00000000 L]Pattern Matching [100000 
100000000000000000000000000000000000000000000000000 
01000010000000000000000000000000000000000 0 

[Rust TT match! 000000000000000 000000000000000 
LHİTİTTELLLLLLLLİLİLİLİEULULLLLLİLİLİLİUULULLLLLLİLİ2-20LLELLİLL 
HODOUD OOOO OOOO İTİTİLİTİLİLİL ZOO FOO 00000000 
00000000000000000000000000 OBinding Mode [][]match[][] 
LİLİLİLİLİT İT İLİ İİİ TLİ İLİT 000000000 

OOmatch(]00000let00000000for0000000000000000000000 
10000000 


2.5.4 if let|| while let II. 


Rust IT let[]while Let NIO mate hi [III ILIL it 
letTiLİLİLİLLİLİLİLİLİİİ2-2 1 000 


00002-21000itf Tett UI 


fn main()1( 
let boolean € true, 
let mut binary = 0, 


if let true = boolean { 


) 


1 

2 

S 

4 

ef binary = 1, 
6 

7 assert eq! (binary, 1); 
8 


) 


00002-210000it Je! ha mato HIT 1et000000000000 
00000000binary(]000000booleanf erue] binary 000010 

00000000000000000while letliHULLULLULLLLLULvvhile letfil 
00000match0000000000002-22000 


00002-22000matchf UI 


fn main () { 
let mut v = vec![1,2,3,4,5]; 
loop { 


— 


match v.pop() 1 
Some (X) => printin!|("i", x), 


None => break, 


LO On 0) VI BEN 


} 


000002-22000000000 YO Toonl I LILILI II IILI IL 
LiLiloopiTiiiiLiviipoplitilililOpüioni VTT match HAAA Some 
[xD ENoner]Rust EO ptient (II ILILIULI UCET S emer xr ld UTE 
00000 None 0000000000000000000000000000breakllt 


00000000000060000000000000000000000while Je UI 
LİLTTİLİLİLİLİTİLİİLİ2- 23 TDI 


00002-23000while Tet TI 


L fn main()1( 

2 let mut v = vec! [1,2,3,4,5]; 
33 while let Some(x) = v.pop() { 
4 prinbini t'il. xs 

B ) 

6 ) 


00002-2s000while Jet UI let nriS eme khaaa 
00000pop0000000Optionl000000000x000printin(1000000000 
LİLİLTLİTİLİLİTİİLİTİİİİ 


2.6 000000 


Rustll LİLİT İLİ TLİ UTİ 
2.6.11111 


RustlLLİLLİLİLLİİLİLİboolTlboollT IDE true alsel HOOD 
00002-24001 


00002-24[|boo10 000 
d fn main ()( 
2 let x = true; 
da let y: bool -» false; 
4. let x = 5; 
2 ib © > 1 4 EE Eet "X 31$ DLOGEE than i") 74 
6 assert eq! (x as 132, 1); 
7 assert eq!(y as 132, 0); 
8. } 
HU 4-2 40002000 SOU xy UUs UU Rusi HAO 
HOHO boo! AAA y ODO dond ool] 
LULU LIL boo! HAAA ISU III 


NDOO asha Ha boo! pp p e DEDIT ER ws CETETEIETIETEICIE oo) 
OOL 


2.6.2 1100000 


Rust TTT 
UU 


` DODO 00000000000 Unsigned Integer 000000 Signed 
Integer] ]| | 


LİLİTLİLİLİLİTİİLİ 


>u8000000002?! 000100004800000Rust00000000000 
[/00001/000000000000u80 


>u160000000021°-? 00020000 
>u32000000002*? 00040000 
>=u64p0000000241 00080000 


>4128000000002*28-1 nnm enn 
0000000 


>i8000000-27 027-1 00010000 

>i16000000-21? 0215-1 00020000 
>i32000000-2°1 9231 00040000 
-i64000000-29* 1263-1 00080000 


>1128000000-214/ 921271 nmm 60000 
- 00000000 


>usize[00000002*! p0n29%-1 00040080000000000000 
00 


>isize000000-2°1 (221-1 9-263 9263-1 p0040080000000 
00000000 
- 00000000 


>£320000320000000600000000000-3.4x 1098 13.4x 1038 


>f6400006400000001500000000000-1.8x10°08 p 
1.8x10308 n 


LLILILILILILILILILILI 2-2 5000 
00002-25000000000 


Ll. cu MOLL) 1 

Z let num = 42u32; 

3 let num: u32 — 42; 

4. let num = 0x2A; // PATER 

oF let num = 00106; // Nith 

6 let num = 0b1101 1011; // Zä 

7 assert eq!(b'*', 42u8), // Sms 
8 


. assert egi(b'X!'', 3948) ¿ 
9. let num = 3.1415926f64; 
194 assert eq: (3,14, -3,.14fT04); 
i Bal E assert egit, 2.0164); 
1.2, assert eq! (2e4, 20000164) , 
(Se 3 printimi ("17:27", ecoissE227::LNELİALLT”: 
14.. priıntini(”1:23:”, SLO:ZTOZ::NEG INFINITY). 
1555 prancing CH de Ski SUDO EZ END $ 
18. DBELAEL BEL TFT II FR, Sha? St ass MLN)? 
‘ie a pusat Le, (Trara sbd:miis27:MAĞ) ; 
les | 


00002-22(]00000000000000000000 00042us2000000Uus2 
CHOO Rusi TO 0001s 2000 

000000x(]00(106b0000000000000000000000x2A1100106f] 
061101 10110 

Rust 1000000000 000060000060*0000000042u8f] 


00000000000000000000000000000000Rust 00000000 164 
000000 std00t32 p std[][]164 0000 IEEE (0000000000 
INFINITYOOOOOONEG INFINITYOOOOOOONANOOOOOOOMINIUD 


UU MA SIO 


2.6.3 (UNU 


(Rus DUDU 000000Char0000000000000Unicodef İT 
000000400000000000000002-26100 


00002-260000000 


Ls im manna 
2 LOU xə EP, 
3 let x = "Ü", 
4 Prine mee SAN 
A BELLA” EI" + LA 
6 prinelni 11", "Vu" 
7 printing ("TI dd 
8. Prine Li TYE Jy 
9. assert eqli” XxzA”, Fe), 
AR, assert qı e, TE} 
H assert eg! ("NVu(CA0)", "Ə"), 
12. ASSOLE CC! (Agi LST, "07142 
la assert eql(”76" as 18, 37); 
14. assert eqli” as 18, 99); 


low ] 


000002-260000000Unicode(00000000000000000*000000 
Rust T TLİTİLİİLLİLİLİLİTİLİTALILI TƏTİLİ 


LILİTETLELDASCTİTÜUnicodellliLiLİii12 AHA SC LAO PSU 
IILI OTI) 5 11111Unicode [IILI AU (HHH OUT 
009 0001 20000 


LİLİTİLİİLİTasl IILI IILI İLİ HAA S C HIT TES 70000000181 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİ-Söli 


2.6.4 1000 


UUDArray (Rust III 
UI 


“ LİLİLİLİLİLİLİLİ 
“ LİLİLİLİLİİ 


HOOD TANI 0700000000000000000000000000000000 
NOU 2-2 7000 


000 2-27 0000000 


fn main () { 
let arr: [1324 3] = [ls 2, 311 
let mut mut arr = (1, 2, 3]; 
assert eg! (1, müt ate[0]); 
mut arr 101 = 3; 
assert eqi (3, mut arr[0]); 
let Init are = [0% 101? 
assert eg! (0, Ae arr[3o)); 


assert eq! (10, init arr.len()); 


— q A 0 € OY cn ds OC BO E 


0. // println!("[:?]", arr[5]); // Error: index out of bounds 
L. 3 


000002-2700000000liS205310000000000000000000000000 
[III llet mu ITT out arr(100000000000000000 


000000001001010000000000000000001000000000000000 
Rust]000000000000000000000000100000 


LİLİLİLİLİLİLİLİLİİLİLİİLİİİCopy ra! ITT 
0000000000000000000000000000Rust0000VLA Tivariable- 
length array! | 0000000000 000000000000000000000000000 


DO00OO0O0000000000Unsized Rvaluesgg İLİ 00000000000 
2.6.5 (000 


Rust UUUUURangeQUUUUUU00 000 DUU 
Z-ZƏLİLİLİ 


00002-280000000 


1 fn main() { 

2 assert eq) ((de«. 3), std?:opsosRanget starts dy end: Y |): 
3 assert "eq! ((1.. .=5), std::ops::Rangelnclusive::nev(1, 5)); 
4. assert edi 3499, Lä, BI «KUMU?! 

3 assert eq! (3141516, (3..=6) .sum() ) 

6 por t un (1,545) | 

7 td kl (9, ilg JV 122,54 

8. ) 

9, tor 1 in (1..=5) | 

10. prántial 111", Els JJ Ty 2, rs) 


Lis } 
12. | 


00002-2510000000000011..5000000000001..=5000000000 
000 OstdO0ops lange td ops O0Rangelnclusive[ WI 


IOC sum İİİ İLİLİLİL İİ İL İİLİLİL İİ İTİL İL İLİLİL İL İT İLİLİLİLİLİT İTİL. 
000žor100000000000000000 


2.6.6 (000 


000Stcel0000000000000000000000000000000000000000 
LİLİLİL İL İF İLİLİİ TİL İLİLİLİİ İT İL İLİLİLİL İTİL İL İİLİL İT İL İLİLİLİT İL İLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
00000000000LJ00000000000000000 mut İTİL 

01000000000002-290010 

00002-290000000 


Ls trn mainti)l 
ym let arr; [1327 5b] = Ji, 2, 3 2, 3]: 


assert eg! (fare, GİL, 2,3,32,5]); 


( 

assert eq! (&arr[1..], [2,3,4,5]); 
(éarr.len(), 65); 

assert eq! (&arr.is empty(), &false)j 


3 
4 
du assert eq! 
6 
7 let arr = &mut (1, 2, 3]; 
8 


arr[1] = 7; 
2. assert edi larr; lly 7p Əl)? 
LO, LƏL Wer acılı, Ep 214 
Id assert a&gitsvesd[..I (L,2,21)/ 


l4. ] 


0100002-29000000000 4 0000000000000000 arr 10000000 
0000000000 arr! 1..110000arr00000000100000000 

0000000 const infllenllis empty Intp 
OOL 

LiLlSimuti and d and dono dd 00000000 0000000000000 7000900 
UU 

O000vec00000000000000000000000000000000100001 100 
UU 


2.6.7 SI 


RustQD000d00000stradoo000000 UUUUUUUUUUOUOUUUL 
Ge STITT Rust TT İTİLİLİTİTİLİLİ (UU 
LİLTLİListrtİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLLLLStringliiLiLisirliLiLİLL 
000002-30000 


00002-30) str IT 


fn main): 
let truth: 6"static str = "Rust -TARRE E"; 
Let per = ULULİLƏS ULU? 
let len = truth.len(); 
assert eg! (28, lén); 
let s = unsafe { 
let slice = std::slice::from raw parts (ptr, len); 
plas BLEI EI rem TR (81.158) 
y; 
Hs assert eq! (s, Ok(truth)); 
ls d 


00002-300000000000truth(00000000000000str000000000 
0000000084 static str 110100000000000000000000000000000 
OU 


str1İLİLİL İLİLİLİLİLİLİL İTTLİLİLİLİTİTİLİLİLİLİLİTİTİLİLİLİLİTİLİLLİListr OU 
as ptrillen( NDOO aaa 


RustiTLİLİLİLİLİLİLİLİİLİİLİLTU EP SDOBIEIDDIBIDID DICIT DUCIT DU EIS Er TET 
000000600090000000Ostd Islicefllirom raw parts ilic 
LLILILILLILI IILI Seu III L sto) Ter rom | utter rr] 
LİLİLİLİLİLİLİLİ str OOOOOOOODOODOOOOOOOOODODDUWUUDD I U TFOLIII III! 
llunsafe[] [|[ IILI IILI lunsate[I[ IILI IRustiI TTT TT 
HOHO unsate 0000000001 3900000 


2.6.8 (000 


DQO ODO DD ODO 00000000 URust ADO0D000000000000 
HTReferencellLiLİiLINMLM Raw Pointerl111UULULLİn Pointer] III 
[Smart Pointer] 


HO0000000OOOOOOOOOOOOOO ORust00000Safe Rust[] 
Unsafe Rust [JJI Safe RustflITSafe Rust000000000 
HUOT OUT UO 

00000000Unsafe Rust0000000000000000000000000000 
Null00000000000000000000000000000Safe Rust UU 


HP OO CO si © IM Wm Qi Dö E 


LILİLİLİLİLİLİLİLİİİTRustl İİİ İİLİLİLİLİLİLİLİLİLİLİLİLİ”const: TU Tout 
TI 


01000000000002-5 1000 
10002-3 10000000 


fn main() { 
let mut x = 10; 
let ptr x = &müt x as “müb 132; 


let y = Box::new (20); 


1 
2 
3 
4 
Pa let ptr y = &*y as ”const 132; 
6 unsafe { 
4 “DLE X += “BEE y; 
8 ) 
9. assert eq! (x, 30); 
10. ) 
00000 2-31 0000 as Uff mut x 0[000000*mut 152 00000 
Liptr x100002000S50000 


01004000Box[lilnewt]200000000000002O000000000000000 
UUUUptr yl 


LiLiliptr d'or YAU SoU ens 
000000000000000unsatefi 


000000000000001 500000000 
2.6.9 never | | 


Rust[|I IILI IILI never IILI IILI IILI IILI IILI III I IL 
Lİ LİLİLİLİLİLİLİLİLİLİLİTİLİLİ İLL Rust VTT 
LİLİLİLİLİLİLİLİL. 


never(]0000000002-32000 
00002-320neuer[ İTLİ 


1. #![feature (never type) ] 

2. in Too: => u22 1 

SS let x: l = ( 

4. return 123 

Dis y; 

6. ) 

7. fn main() { 

8. let num: Option<u32> = Some (42); 
9. match num { 

10. Some (num) => num, 

TL. None -» panic!("Nothing!"), 
12; Ry 


LSe ] 


000002-32000000 Heaturef]never typel1l1000000000never 
00000000000000Nightly(10000000000000000neverl000 


000200060000foo)0000000000x000never0000000000 
return[]00000return(1000012300000x000000000000000never 
000000000000return00000000break[]continuel[] 


0mainl]00000match0000000000Nonel0000O0panic00000 
matchf]1000000000000000000000panic(101000000never00000 
[0someljnumil00000u32000000000000000000Oneverl]0000000 
LİLİTLİLİLİLİLİİLİ 


2.7 O00000 


Rust WOU 
00 UTupleltl 

- 000 OStruct[ 

000 L]Enum[] 

“UNU 0Union[] 


HANO UU UU 
LİLİLİLİLİLİLİLİLİLİLİLİİLT7 O00 


2.7.1 [JL] 


HUN Tuple ina D E A A CC 
LİLİTİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ2-3 2000 


00002-3300000 


1. rn move COOrds | KA 4157, 752). k € 11545 2324 
2: (X.0 + 1, x.1 + 1) 
Te y 
4. İn main() { 
5 let tuple zx (&"Statac str, 132; char) = ("hello", Br 'c'); 
O. assert edi CSL Bebe "hello" yj 
7 assert EGITEUBL ET; 21] 
8. assert eqi(tuple.2, Ey 
ys let coords = (Un 4J? 
105 let result = move coords (coords); 
Li. assert Eq Zar tle 233 
12. let (x, y) = move coords (coords); 
kö assert eq: (Xx; 1); 
14. assert eg! (Yz 231 


i$ 1 


000002-3Sg00000000é [static str(ji32 (char OD tupledHO 
0000 000000000000000600080000 


0100000000000000000001000S00O0move. coordal III 

00let00000000000000000 000001200014000000 
move coordsf]]1011100100et000000000000000x00000000y0000 
LİLİL İLİ İLixi TL] 

OUT? OTT 
LİOLİLLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİULİLİLİLİİ L 


2:7:2 INE 


Rust III 

- ULLINLMNamed-Field Struct[] 
- DODODO Tuple-Like Struct[] 

- ULLLLUUU nit-Like Struct]] 
010000000000000000002-34000 
00002-3400000000 


T t [derive (Debug, PartialEg) ] 

2 struct People { 

3 name: &'static str, 

4. gender: u32, 

2 ) 

6 impl People { 

7 fn new(name: &'static str, gender: u32) -> Self{ 
8. return People{name: name, gender: gender}; 
d. ) 

Lü. fn name(&self) ( 

EL E printlnl("name: {:?}", self.name) ; 

12. ) 

ə. fn set name(émut self, name: &'statie str) | 
14. self.name = name; 

L3 ) 


Hər fn gender (éself) { 


iy let gender = if (self.gender == 1) ("boy") else ("girl"), 
18. println! ("gender: {:?}", gender), 

1 ) 

20. ) 


HUUU2-34 n n m structQQU0U000000PeopleYUUUUU000000000 
U QUOUUUOUUUUUUUUUUUUUUUUUUUUUUUUUshould have a camel 
case namell 

LİLLİ İİİ İLİ İİlnamel type name JEIEILILILIE Cy pe IT UO 
LİLİLİLİLİ İİ İİ İLİLİL İLİ İİİ İLL İLİ İTLİ İLL TE TETETETE TETTE TEILTE TL TE TE] 


PeopleHHLLüLlilderiveliDebugliPartialEql11 (00000000 
00000Debug trait[]PartialEq trait Jt ina d b d 

[]impl Peoplef...+0]00People[]000004000O0newf]namef[] 
set name[|gender|] 

(Rust QU00000000000000Uim pi HAHAHA mpi 
DODD O 00000 0000000000000 DO00002-340000000name[] 
genderl]0000000000£self100000000000000000000000000000 
00000000000000000000002-5321000 


00002-35000000000000000000000 


1 fn main () { 

2 let alex = People::nev( "Alex", 1), 

3 alex.name(); 

4 alex.gender () ; 

J; assert eq! (alex; People | name: "Alex", gender: 1 |); 
6 let mut alice = People::nev("Alice", 0), 

7 alice.name(); 

8 alice.gender(); 

9. assert eq! (alice, People { name: "Alice", gender: U )); 
10. állce.set name("Rose"); 

(uf alice.name(); 

Lis assert eg! (alice, People | name: "Rose", gender: Ü J); 


ld. | 


HOU 2-39 DUC Peopler]newr]b People iiiatex ti IET T 
DOUD UD ER a m eL]gen d er TEES UID UADIT DICTO 
NULL receiver. message UU Rust UUB L 


LILİLİLİLLİLİLİnameliset namefllİliLililiLililiLililiLililiLigetterl) 
setterl]01000000000000000000000000000000000000 8seltl] 
«mut selt10000000000newf(]000000000000000000000000 
Rust(]0000000000new(]000000£4selt0000new000000000000 
LİLİTLİLİLİLİLİİLİ 


LİLİLİLİTLİTİRustüi İLİİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLLİLİLİ 00 
00002-36000000d0000d0000000 L 


00002-3600000000 
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Struct COLST II 2: Lily 13215 


fn main() { 


) 


let color = Çölor(ü, 
assert eqi (color.0, 0 
assert eq'icolor.l, 1); 
asserL eqitoolor2, 2 


00002-36000000000Colort1]000000000000000000000000 
LIDD 


HUUU New Type) TİLTİLİİLİ2-3 7000 
UU002-371New Typet llt] 


1 
2 
3 
4 
B 
6 
7 
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struct Integer (u32); 


type Int = 132; 


fn main() { 


) 


let int = Integer (10); 
assert eg! (ant.0, 10); 
let int: Int = 10; 


assert eq! (int, 10); 


10002-3700001tegertl00000000Ous200000000New Type 
LİLİTİLİİLİLİTİLİL Tu S 200000000 En teg er 1 

LİLİLİLİTEy p et b ep A 00S 2 000000000 nti LIL 
O0032000000000001520000000000New Ty pet lH IE mpm IILI! 


UU 


Rust İT LİLİİLLİLİLİİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİ2-3 HUNN 
00002-38 0000000 


struct Empty; 
fn main() { 


let x = Empty; 


© Jo UG! A W N PR 


prıntını(”1pi”, ZI): 
let y = x, 
printlnt("itfppt, 6702 
let z = Empty; 
DELDEINI I pi 62) 5 
CR assert EE A elen ƏL oo Ranger ult). 


LU. j 


00002-380000EmptyOD00b0d00 struct Empty1; Ib 
OUT 
1*00000000000000000°0070 


100s00x0000000y00000xO00OOOOOOÖOOOOOOOOODOOOOOOU 
LİLİLİLİLİLİLİLİ İİLİYLİ 


LİLİLİ 7LİLİLİLİLİLİLİLİZLİ 0000000000000 


0000 +0p+0000printin00000008x0]4y1]82000000000000 
HU 


` (Debug hoho yazoa LI II I 
' UD Release HUOO su zB OO HOC 


00000 Release (0000000000000000000000000 Debugill 
LİLİLİLİLİLİLİLİ İTİL. 


ULULUUNew Type b b p p D EET 0000 000000000000 
000000000000..00 RangeFulll111000000000000 20000 
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JO OD Ena OOO O nunu unu uyun 
LİLİLİLİLİLİLİTİİİRusti IILI enu mol UTC 
010000000002-39000 


00002-39000000000 


enum Number { 
Zero, 
One, 
Two, 

} 

fn main() { 


let a = Number: :One; 


00 —J O) Oo A EN HR 


match a { 


Ko 


PRP kä P> 
Q N HO: 
— 


Number::Zero => println! ("0"), 


) 


Number: One => println! ("1"), 
Number::Tvo => println! ("2"), 


£ d 


00002-390000000Numberl]000000Zero[]Onef]Twof]00000 
LİLİTTİTİTİLİTLİİLİ 


Hmain ITU) Number UU OUT 
matchf]1000100000000000004 


RustiTLLTİLCLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİULİİLİC 
0000000002-400010 


00002-400nCc00000 


deg enum Color { 

2. Red = Üxff0000, 

34 Green = Üx00ff00, 

4. Blue = Ox0000ff, 

Se 3 

6. fn main() í 

Ja println! ("roses are #{:06x}", Color::Red as 132); 
println! ("violets are #{:06x}", Color::Blue as 132), 


9. | 

00002-400000000Color]00000000000Red[]Greent]Bluellf 

00000000000000000000000000000 Color 0000000 700080000 
Rust]HO00O0OO0O0O00000000000000000000002-41000 


00002-4 1000000000 

enum IpAddr { 
V4(us, us, us, u8), 
VOlSELINGd}, 

} 

fn main() { 
let x : fn(u8, u6, u8, u8) -> IpAddr = IpAddr::V4; 
let y : fn(String) -> IpAddr = IpAddr::V6; 
let home = IpAddr::V4(127, 0, 0, 1), 

) 
00002-4100000001pAddr[]00000000000000000000000000 
(III 

0000600070000000IpAddr[][]V4[]m[]u8[]uSf]ušf[]usf]-[] 
IpAddr[ 000IpAddr[ vol in [String[]-OIpAddrl]0000 

100000000000000000000000000000S0000 

1000 Rust POH 00000000 0000000000000000000000000 
Rust ]00010000000000000002-424000 

00002-4200000000 


enum Option( 
Some (132), 


LO © — O) NM BEN FP 


1 

Z 

3 None, 

4 } 

20 fn main() ( 

6 let s = Some (42); 
7 

8 


let num = s.unwrap(); 

match s { 
9. Some(n) => println! ("num is: ()", n), 
10. None => (), 


ik, ka 
12 jJ 


000002-4200000ption(000 000000000000 000 0000000 
Some[|i32[|L LS ZLİLİTTLİNonetllİLİTİLLİLİ 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİİLİLİLLİİLİLİSomelfl115 200000000 
LİLİLİLİLİLİLİLİLİTLİN one LAL ET D DICE DICE CET D CIC IEEE IC TETTE TEILTE 
LİLİLİLİL ODO DO İLİLİLİL İL İLİ İLİ LİLLİ. 


Umam JUUUUUUUUsouuUsome]42000000UUUUUUUUUUUU 
unwrap[|JUSome/]42 0000420000 i d IILI DOC nw ra pETETETET 
00000000000000match141010000000000000000008000110000 


00 Option(J0H000OO0OO0OOO0Nul0000Rust00000000000000 
10000000000Optiont]100000002-4300000000000000000000A 
LİLİİLİİLİLİTLİİLİ 


UUUU2-43 Option TU 
1 fn main() { 

2 let s: &Option<String> = &Some ("hello".to string()); 
3 // Rust 2015 RA 

4. match s { 

5 &Some (ref s) => println!("s is: 1)", s), 

6 me NA 

l J; 

8 // Rust 2018 RA 

CB match s { 

LO; Some (s) => println!("s is: {}", s), 

dis . 

lz: ES 

Lö) 


LİLİTİLİLİ2-4:51İİTİLİLİLİİTİS omelTTTİTİTİLLİİLİLİLİİLLİLİSestrlİLiLİL 


00020000 O ption[]&strO sd HEB OD Lm e ce hl 
III 

00040007 00Rust 20150000000O0match00000000 Some 
[rež s1000000000000£Somefli hellof].to stringl]00000rei000 
0100000000008£ Somel]retž s00s000000000s0000004 

10090001200Rust 20150000000000040007000000000000 
000000ret00000000000000matchf1010000000000 


2.8 000000 


LRustlllListdillicollectionstiLLTATILLİLLLİLLİLİLİİL 

` HLILLILLİLLİVecTİLİİLİİİLİVecDequef ll TİİİLinkedLisifil 

: Key-Value[|[ III III Hash Mapi III III Tree Mapili) 
: LIBODUDOUDUU Hashseti İTİB TreeSetlil 

: LİLİLİLİLLİLLİLİBİnaryHeaplll 


2.8.1 1000000 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLUİLİLİLİLİLİLİLİLİLLİ2 -44 000000 


III 


Lİİ11112-4.41TVeciTİTİTİ 


fn main() { 


CO = OY UL 45 ti Də HL 


- 4} 


let mut vl = vec! []; 

wl ush Liz 

vlopushtz);j 

xl.pushoi»);?; 
assert, eql (vi, LL,Z,31)7 
assert equ Lei [24] ] 2)7 

let mut v2 = vec! (0; 10]; 
let mut v3 = Vec::new(); 
v3.push (4); 

YS «push ts); 

v3.Bush (6) ; 

// N3[4]; error: index out of bounds 


100002-440000000000000000000v10v20vs000000000000 
A LL 


III 


vec İLİLİL İLİ İLİLİİ İTİ İİ İLİL TT İT İLİLİLİ İLİ İTİLİL LL İLL TOL TC TL JL TL TL 
CO A A A A SA 


III 


Rust 0 DHOOODO 00d o 0000 0000000001 5000000vsf41000000 
panic[][]|thread[]main[]panicked at index out of bounds[] 


2.8.2 [100000000 


00000Double-ended QueueflliliLiDequeTlliHTİLİLİLİLLLLLLİL 
101000000000000000000000000000000000000000000000000 0 
LİLİ 

Rust[][VecDegue[]000000RingButterf()00000000000002- 
4511000000000000 

LEIEI[] 2-45 [| VecDequer [T] J| I J 


1. use std::collections::VecDeque; 

2; Tn main () d 

ə. let mut buf = VecDeque::nev () , 

4. bur. push front(l); 

I; buf.push Trent.((2); 

6. assert eg! (buT.get (0), Some (82) ) ) 
> desert eq: (bur.get (1), some(&l)); 
8. buf.push back(3); 

- P buf.push back(4); 

LÜ. buf.push back(5); 

bələ assert eg! (buf.get(2), Some (s83))7? 
LA, assert eq! (buf.get (3), Some (864) ), 
baa assert eq! (buf.get (4), Some (8695) )? 
14. ) 


00000 2-45 (00000 use (0000 std [][] collections [][] 
VecDequelfllifVecDequelTTTTİTTVeciTTİİTİEELEL 

HULUMUHVecDequelLUUUpushHMUHUpush front push back[|] 
push frontf]00000push back OOOH geti TUE 
OOL 

00060007000push front TİLİLİLİLL 1020000000001 J900000 
LİLİLİLİLİLİLİİLİLİİ 


000110001 31İlillpush back[]1010000304050000000002030 
ATİTLLLİLLİLLİİLİLİİ 


2.8.3 DODO000 


Rust LDBB DB BD BE DEL DEELBEEED CECLOLCEDELCE CEDE CEDE DEI E] Ve E 
VecDequelfll I p p pp ECCE Lu unun ICI CICLC HOT 


00002-4600000000000 
00002-46[JLinkedListT 000 


il use std::collections::Linkedlist,,) 

2 fn main() { 

3 let mut listl = LinkedList::new(); 

4 listlspush back ("a") i; 

2. let mut list2 = LinkedList::new(); 

6 118€2.püsh Bak"): 

7 lists push back (”c"), 

d. listl.append(&mut list2); 

9. EES Let (4 £* 20". LISTIS! PI Lats "BH'; Seil 


LO. PELMELRU ATP. list2)4ž Fl TI 

E listl.pop front () 7 

| er rım. trier}, List: fr L”b”, "et 

Lu LLEL DUST LEGRT (EM) ! 

14. BEIDEN (EPI, 118t1); 22 Te, Bt, *6'] 
15. last. push Trent(”£"), 

1%, print (32707, distor: PI 1 E] 

öz 4 


HLML(ULLM2-46uUUULUHuseLl(ulUUstdULcollectionsiiLLinedListiLu 
000000000000push back[]push front KAO 
append HIO 


2.8.4 Key-Valuel |] ] ]HashMap||BTreeMap 


Rust(]0000000000000Key-Valuef]00000 


: HashMap/]K, VL 

: BTreeMap||K, VI 

Key0000000000Value(00000000000000000000000000 
HashMap|[000BTreeMap[]000 00000000000HashMap[KI 
VUUBTreeMapUKUVQUUUUUU2-47000 

LLL3L2-471HashMapliKİTVEUUBTreeMaplIKiTVİİLL 


don use std::collections::BTreeMap; 

2 use std::collections::HashMap, 

3 fn main() ( 

4 let mut hmap = HashMap::nev() 
ə let mut bmap = BTreeMap::new(); 
6 Wap insert (3; "ey; 

7 hmap.insert(1, "a") 

8 Amap. iñssrt (2, ”D”) 

94 hmap.insert(5, "e") 

LOs hmap.insert(4, "d"), 

Ll bnap.lnserti3, Ta); 

LZ. büap.ırnsartiz, "E"; 

1.34 bmap.insert(1, "a") 

14. bmap.insert(5, "e"); 

19% bmap.insert (4, "d"); 

18. prinBrlmni("f:i?2p", Bsp); 

iSc Pa primbhnili"i1:7 p", bmap); 

l$s 4 


00000 2-47 HODODOO use std[][]collections[]|| BTreeMap |] 
use std[] collections[|[]HashMap[]00000new(]00000000000 
hmaplibmaplTIiinsertl 0000000 

0001600hmap(]000001100a00200600300c00500e00400d 
01+00key1100000000000000000000HashMapfl]0000 

0001700bmap1000000001100a00200600500c0040040] 
2110e0+0000000000BTreeMapf]0000 

0000000000000000000000000000000008000000000000 


2.8.5 [NU HashSet| |BTreeSet 


HashSet[ KO O BTreeSet[]KI] O [] 0 Y HashMapliK 0 Vl U 
BTreeMaplIKTTVIITValueHiLLİLLİLLİLULULULFHashsetliKTililiLi 
BTreeset[]K0000000000000000000000 


- 1000000000000000Key-Valuel]000Keyl] 

“ U0000000000000000 000 

- HashSet 0000 BTreeSeth 00000 
Hashsetl1KHUB Treesetl1KHULUULUUUU2-48HLL 
LILLL2-481 THashsetl İKİ TİBTreeSetl Kİ TİL 


1. use std::collections::HashSet, 

2. use std::collections::BTreeSet, 

3. İn main() { 

4. let mut hbooks = HashSet::new(); 


5 let mut bbooks = BTreeSet::new(); 

6 hbooks.insert("A Song of Ice and Fire"); 
Ta hbooks.insert("The Emerald City"); 

8 hbooks.insert ("The Odyssey") ; 

9 if !hbooks.contains("The Emerald City") | 


10. println! ("We have {} books, but The Emerald City ain't one.", 
dech + hbooks.len () 

12, ) 

13; } 

14. println! ("14271", hbooksli 

15, bbooks.insert("A Song of Ice and Fire"); 

16, bbooks.insert("The Emerald City"); 

14 bbooks.insert("The Odyssey"); 

18. printlu! (IS Mia DDOOKS) 5 

19. ] 


000002-480001 är Dh books I IU LIL UU EH ash S et hoo 


u181L3bbooksl1UUUUULLUİNA Song of Ice and Fire[j[]l] Ehe 
Emerald City The Odysseyl11H11L(EB TreeSetlllLiLL 


2.8.6 [IL] ]BinaryHeap 


RustUQUUU0UUUUUUUUUUBinary Heap] 0000000002-491: 


UL 
00002-49[|BinaryHeap[ TOO 
1 use std::collections::BinaryHeap; 
2 fn main() Í 
3 let mut heap = BinaryHeap::new(); 
4. assert eq! (heap.peek(), None); 
2 let arr = [93, 60, 40, 20, IZ, öl, LB; In 19, $3, dol, 
6 for &i in arr.iter() { 
7 heap.push(1), 
8 ) 
Sa assert eg! (heap.peek(), Some (&93)); 
Lü, /? 102, BU, 48, 535, 72, 30, 10, 356, 123, 20, 45] 
ib ee printini("1T:77", heap); 


Lie | 


000002-49000000BinaryHeaplli]newt]0000000000peeklli 
0000000000000004000000000000000peek000000Nonef] 


0005000800000000000000push(000000000peekl00000000 
00000930 


0000000000OBinaryfeapll00000000000 


2.9 0000 


00000Smart Pointer UU Tbusd ITT + mImiustr rr 
LİLİLİLİETİİRusüi IILI IILI! 

Rust (111000000000 00000 Box OTO B000000000000 1) 
box[ OGGI TUE D D LT Bex TUUU 


LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLLİLİLLİLİBoxi HOOL 
III A 


Rust LİLİT İLİLİİ İLİ İİLİTLİLİLİİTİBoxİl TİTİLİTİİBoxl III IILI IILI III 
Q00000002-s0000 


00002-500Ba III I IILI III 


fn main () í 
#[derive (PartialEg) ] 
struct Point. 4 
x: £64, 
y: £64, 
) 
let box point = Box: :new(Po1nt 1 x: 0.0, y: 0.0 +); 
let unboxed point: Point € ”boxed point, 


assert.eqi (unboxed: point, Point 4 x: 0.0, yi ULU 5) 


e to 00 “— Gi UN — Co N PR 


CA 


000002->000000main 1 TİTTİLİTİLİİLİPointfİLİTİİBoxlİ nevvliLili 
LİLİLİLİLİLİLİLİ İLTLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLLİLİLİLİLİPointTTİİ 


00 Boxl ITİ TLİİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL İİLİLİLİLİLİLİLİLİLİLİLİLİTİLLİLİLİ 
OLİLİLİLİLİİ IILI II 


2.10 [| j trail 


00 Otrait TiRusti OOOH 


00 DUU Rust Tİ İLİ IILI IILI IILI IILI IILI IU II! 
LİLİLİLİL İF İLİLİİ Tİ İL İLİLİLİİ İT İİ İLİLİL UU İT İLİ LİLİT İT İLİLİLİLİL İT İLİ LİLİT LİL İTİLİLİLİ 
LİLİLİLİL İLİLİL İİİ İLİ İLİLİLİLİ İTİ DO O DO İLİ İLİLİLİLİL İT İL İLİT İLİTİLİLİLİLİLİLİ İLİLİL) 


trait [JUUUURustQQUUUUUUUUHaskellTypeclassQ 100000 
[trait Rust İLTİİLİİİLİLİLİİLİLİLİLİLİLİİ 


: traitl İRusti TİLİTİLİTİLİİ 
* LİLİLİLİLİLİLİİ IILI II) 
` 00000000000000000°00*0000 


00000trait1100000000 
2.10.1111 


Rust DODOD O Dd OD 000000 Optienr TI Vect TE] Bash Mapl | 
KİİVİİTİTBoxİTTTTİTİTİİ Option TANI 2-51 
IT 

UUUU2-5 1 Option YT YUU 
// stdQtioptlion:30ption 
enum Option<T>{ 

Some (T), 

None, 


} 


0000000000000000T0000000000000 0 pti on HII IILI 
000000000000000000000000000 Optionl] 0000 Option Tu 320 
Option[]String]0]0000000 Option TT] D D DELE] use std [1L] 
prelude[ |]v100*0000000Rust00000000000Somel[]TO0O0Nonef[] 
000Option(]1T000000000Option[]0Some[]1[ | JOption] |JNone[] 

Option[)T000000000002-22000 

00002-520Optionf()'T00000 


UT A CO N FP 


use std::fmt::Debug, 
fn match option<T: Debug»(o: Option<T>) 1 
match o { 
Some bn) => printing ("1:2 FP", 2n), 
None => println! ("nothing"), 


) 


© € ÖY) Ul df w N — 


fn main (() { 


9 let a: Option<i32> = Some (3), 

10 let b: Option<éstr> = Some("hello"), 
dk let c: Option<char> = Some("A"), 

LA. let d: Option<u32> = None; 

18; match option(a), // 3 

14. match option(b); // "hello" 

15. match option(c); // 'A' 

16. mateh eption(d); 7/ nothing 

Lis 4 


000002-2200000match option(]0H00000TU0Debugi] 0000 
trait]000000000000000Debug traitl]00000000000Debug trait 
000000000+00+0000000000 


0000Debug[]000000000T0 cannot be formatted using ULU 
100000000 Rust 0000000 

0009000120000a0bO0cd14000000000Option TO0004000 
0000Rust0000000000000400000 Optionllis2[ Optiont|kstr[ TE] 
Option[ chat |] Optionl]u32[1140000000000000000000 


2.10.2 trait 


trait 000000 trat OD00000002->So00 
HLLL2-531TitraitiTi 


le Set Duck; 

Zu  SCHIEE Pig; 

3. tralt Ely 1 

4. Tn rtly(&selr) <> bool; 

Sue d 

6. impl Fly for Duck T 

Ta fn fly(&self) -> bool { 

8 a return true; 

Ja ) 

ER: J 

İL, Dü FİY BE Fig 4 

(SH fn fly(&self) -> bool { 

18; return false; 

14. } 

I5. | 

16, En Ely statbiooT, Fiyois: E) — bool | 
Lj. Ss, tly) 

18. ) 

13. EN Ely m SELYF) -F DOSL | 

20 s, ləsi) 

41, | 

22. fn malint) || 

23. let pig = Pig; 

24 assert eg! (fly statie:s<Pig> (pag), false); 
25 let duck = Duck, 

26 assert. eg! (fly statici:«buck»(duck), True)? 
27 assert, eg! (fly üyn(sPiğ), false); 
28 assert eq! (fly dyn(&Duck), true); 
29, ) 


LIOIDOULD 2-9 311 1111112 IILI Duck Piga LI INI! 
DDD DAD OD İTLİ İİLİLİLİTİLİL? 

0003000s000trait]0000000Fly traitiTiRusti trat 000000 
0000 000trait000000000000000000000000000000Fly Grat 
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LiLilitrattl UU 


000600010000impl0000Duck[ Fly trait]J JJimpl Trait for 
TypeQUUUOUUUUUUUUUUUU"U TypellTrait]01*00000000000000 
fly(10000Duck[)00000000000Duck[]0000°0*0000000004y0000 
LiliLltruell 


000000110001s000impil000Pigl0Fly real DOA Pigo TT 
“00000000 y 0000000 Faser 


0000000000Duck[)Pig(1000000000000000F1y0000000000 
Rust|ILILILILILILI LILILI II Rust Tra İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİ 
LİLİLİLİLİLİLİLİ TİLİLİLİLİLİLİ DODODA 


TOUToG OTTO steterit ipii OUT 
FİyiLLULLLULFİy trait]00100000000000000Fly traitTilliLİLL 
fly 1000000000000Rust[Oitrait 0trait bound UI Ttca HOOD 
Tv static[]000000000000000000000000000000000004 


000190002100004y _dyn(II i Disc P Ty i ee Ty c EDIDI 
00000000004y00000000fy. staticllily dv dabo tty ii 
(OTTO 


000220002900mainfl000lily  staticilfly dell 


D002 3HLLletTiLiLiLlpigliLLİLİLLİPİgİLİLLLİLLLL2 A Ob Hassert[: 
0000000 fly. static) Pig rig iiid talse OHOOO IPig 
00000000000000000000000000000Pi9000y100 


0000002500026000fly static[]0DuckfIduck[]000Duck[l 
O0fly000000truef] 


000000000 Rust 000000 ORust 00000 fiy static000Pigi 
pig00fy. static 00Duck00duck00000000000000000000000 
0000000000000000000000000000000000000000000 

0002700028000000Ay. dente Piot Div dyn0Ducko00000 
9000000000 Ay dyn 0000000 00000000000000000000000000 
000000000000000 


(III Rust traiti TİTLİC + XU DUDU 
LİLİLİLİLİLİLİL İİ BOO İL İT İL İL İLİLİLİLİLİLİLİLİLİL İİ Tİ TİİTLİLİT İTİL İL İL İTİYİLİLİLİLİLİLİLİLİİİTİT? 
LİLİLİLİLİLİLİTİLİLİLİİİLRust (III C/C++000000 


RustiİLLiLLilltraitl İTİLİİTİTİLİLİLİLİLİLİtraidi NOU 
HOHO Debug trait(]1001000println(]000000+00+0000000000000 
0012-4000 


ULU? -54]]]Debug trait 


Use sud: TIMESI?! 
struct Polnb + 

23 132, 

yi 132; 
) 
impl Debug for Point ( 

fn fmt (&self, f: &mut Formatter) -> Result | 

Write! if, "Point 14 x: Li, YA di 12”, eler smlI:) 


OX SI Gi GEI jb G9 hw > 


9, | 

ls. ] 

11. fn main() { 

125 let origin = Point { x: 0, y: 0 }; 

1:35 prineln! ("The origin des 1:71”, Origini; 
14. | 


000002-9400000000 Pool EIE [Point EP ebug trait liil 
usellistdilllimti HOHO Debugh TTT 


Debug traitl|[I[ L fmti TİLTLLLLLPoinil T np D erm 0 
LİLLİ Ra tn IILI prieta ITT Pond TT Le rigin TIL] 


UU CD EderiverjDebugt] TİTİLLTLLLLİLİDebug trait li lcitl 
IL Rust 00000001 20000000000000000 


LİƏLİLİLİLİLİİİLİİtrattl IU IU! 


2.11 0001 


Rust (11000000000 Result TTTİH TİLLİ UResulifiTlE 
HOD peptienr rip d Ed IILI IL 


LEID LI2-5 SHOO Result THEO 
00002-55] Result TTTİETİLLLİ 


ike enum Result<T, E> { 
PAN ORCL); 

Ja Breck: y 

4. } 


Option[]TUI IILI Result TED EDIBDEIDUUBODUUDDULUEE 
[|| Error Result TEL PITT. 2011 


LLİTİ12-5611ResultiTTTİETİLLLİ 


fn main() { 
let x: Result<132, &str> = Ok(-3); 
assert eg! (x.1s ok(), true); 


let x: Result<i32, &str> = Err("Some error message"); 
desert eg.ix.is Oki, Talse); 


| 


000002-260000000O0k[-300Err[ (Some error message II 
000000is. ok0000000Okl 700000 

[][Option[)T0000000ResultT0E0000000000000000000000 
LILILILILILILILILI ResultffT0E00000000000000000000000000000000 
01000000 

[Rust 2015 000 main 0000000 Result TO EDQODOOOOOnoo00 
01000000000000000000000000000000000000000000 0 Rust 
2018 [|[| I main 000Result1T0E000000002-57000 

00002-57 main L Result TOE 


1. // Rust 2018 MA 


Oy OF A GW N IE 


2 use std::fs::File, 
3. En Maint): => KeSulkte€İ), std: lo Brror> 1 
4 let f = File::open("bar.txt") ?; 


2. Ok (()) 
Ge. J 


0002-5700 main HOHO File open! HOHO 
0000000000000000000000000000000 erg Rer Error rji td 
LİLİLİLİLİLİL İLİ 11 İL İLİT İL İT İLİL İLİLİLİLİLİLİLİLİLİİ İİ TİTİİTİLİT İL İL İLİLİLİLİLİLİLİLİLİLİLİLİİİTİT? 
HU 


EİN 


2.12 (100004 


ORust]0000000000000000000000000002-10RustH00000 
LİLİLİLİL İLİLİL İİİ İLİ İLİ İLİ TİL İL DO OO DO OOOO LİL 
[12-1000000000000 


əzə AIA X, OX t 
ER (Path) 

Ji THE) (Method Call) 
FRIAR (Field Expression) 
Ka, Soz) 

IH ERİ (2) 

BER (5, * 1, 4, &mut) 
as 

ZAA (6. 4 90) 

HA (+, -) 

NEW (<<, >>) MEER 


MRE (&) NAEH 
MENE (A) Mc SUR 
MBE (|) Mz SUR 
käe (=, 1=, <, >, <=, >) se 38 Tn 
124455 (&&) Ml 
ZS (|) Mz SUR 
AE C...) ii ds 
WERE E += -=, *= YA Be, i de, 355) MABE 
return, break HE, 
2.13 [|| JII, 
Rust 0 HDO0HDOD 0000 000000000000 Rust 00000000 00000000 
IL 
HO Rust TUTE 
` UU 


> [LV 000000 


>... [00000 


: 000000000Markdowa ODO 00000 OHOOO 
rustdoc NINO HTML] 


> [11/7 OOOO ODO LI IILI 00000000 00000000000 
> LİL//ULİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİ 
00002->800000000000 

0002-38 0000 


1. /// $ SABIA: Sum HÄÄ 

2. /// É AK KAA 

3. /// # usage: 

də İİ assert eql (3, sum(1, 2)), 

Bu tä Ota: 132; DE 13%) -~> 132 | 

B. a t b 

İm 1 

8. fn main() ( 

9. // 3X EAT ENİ 

19, p 

11. * MARA, RASH ARRAK Z 
12. x RTA Kök */ ETRA P r g 
13. x. 

14. de 

15. ET Edu DEE FH SF DUE FP SE AUS, 
16. öc ERO AR S 

fols wi 

18. Lek s = 5 + # PO + BP 5; 

19, assert eqli(x, 10); 

20 pent Lİ ("2 + 3 all“; SUMA: IE 
e | 


00002->8 0000000000000 cargo doc 
HTMLIIIIII IILI IILI III 


LİLİLİLİLİLİLİLİLİLİTİLİLİLİLİLİLİLİİLİLİLİLİİLİLİİİRusti DUDU HA 


00000000000000printin(1000000000000000000000000 
printin[]10010000000000 


: nothing |0Display[|00println]00++00200 
‘J 00Debugl|JOprintin[]110+00+00200 

“o 0[0000000printin[00t0o+00200 

: X 00000000000printin(100+0x+00200 

X ULLULLLLLELLprintiniiL tx rL 21 

: p Llrintinr itp + 00200 

: b DUT dprintir kle PLUZLLU 

“e [00000000println[[00+0e+00200 

EJ IU Up rint (EK 0E +00200 


2.14 [U 


Rust [JII IL ER ust DUU Rust [| IILI IILI III IL! 
OOL 


1000000 Rust TTT TG Oe III 
Rust TİLLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİİLİLİLLİİC TFE 
LİTİLLİRusilTİC TFETTİEL 

000000000i00000Rust000000000Rust0000000000000000 
HOD peoptien bit Let while let]00100000000000000000 


0000000000000Rust000while00000000000000000000000 
CTFEO0000000000000000000000oopidt 


LİLİLİTİLİLTİİRusti İLİ İLİTİLİLİLİLİ İLİLİLİLİLİİLİLİİRusü HUUU 
LİLİLİLİLLİİLTİLRusti UU II IILI III III 


[1] DOOORFC1909 00000 


130 0000 


LİLİTLİTİLTTİTİLİTİYİİ 


EE) IILI 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİİLİLİL0111 
LİLİLİLİLİTLİLİLİLİLİLİLİLİLİİLİLİTİLİLİ İLİLİLİLİLİZ OLİİTƏOTİLİİFO RTRANTİLLLİLİLL 
LİLİLİL İL İİ İLİLİİ İTİL İLİLİLİİ İT İİ İLİLİL TİL İİİLİL İT İL İLİİLİL İL İLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
HU 


3.1 0000 


LİLİLİLİİ İLİLİİ İLİ İLİLİL İLİ İLİLİL DUDU 
LİLİLİLİL İL İLİLİL İİİ İLİLİİ İT İİLİLİLİL UU İT İL İLİLİLİL İLİLİLİLİLİL İT İLİ İLİLİL İLİ İTİLİLİLİ 
LİLİLİTİLİL İLİLİTLİL İLİLİİLİL İLİLİİİLİLİLİLİLİL HUUU 
Rust HUOO Hu 5 200000Rustod0004 000000000 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İLİLİLİL İL İLİLİ II İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİİL. 
LİLİLİLİL İİ İLİLİİ TİL İT İLİLİİ İT İLİLİLİLİL İL İL İLİİLİL İT İLİLİLİLİL İT İLİLİLİLİL İLİLİLİLİLİT İTİL İTİLİLİLİ 
LİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİİLİLİLİLİLİUİLİLİLİLİLİLİLİ” 000000 "000000000000 
Lİ” DUTOT 
LİLİLİLİL İLİLİ İİ İLİ İLİLİLİ İİ İLİLİT İLİLİLİ LL 

LİLİLİLİİ DO O LAL BOO İLİ İLİ İLİLİT İLİLİLİLİL OO OOO OK OOO 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL İLİLİLİLİLİLİL İİ İLİLİİİİ TİLLİ İİTLİLİLİL İL İL İLİ İL İLİLİLİLİLİ? 
LİLİLİLİLİL İF İLİLİLİLİ TİLLİ İLİLİLİLİLİİ T İT İL İL İLİLİLİLİL İL İTİ LL 
LİLİLİLİLİLİ 
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LİLİLİLİLİLİLİLİ İİ İLİ İLİ İLİLİ İİ İLİ İLİLİLİLİL İT İT OOOO ODO İLİ İLİTİLİLİLİL. 
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UU 
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Ad-hoc UAd-hocQQ0U00UU00U0U0U0U0U00U00Ad- 
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Typeclass[]]J]Ad-hoc[]]J Rust] Haskell J]]JIJtrait JJ]Ad-hoc|] 
[L Rust-ttrait00000000 Haskell 0 Typeclass[] 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLLlaval filifaval İİLİLİLİLİLİLİLİLİİLİLL 
LİLİLİLİL İF İLİLİL İİ İLİ LİLİT İİLİLİLİL İTİL İLİİLİL İT İL İLİLİLİT İLİLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
Rust JE L Cava: [I IL LILILI IILI LILILIILIIII Rusi 0000000 
LLİTLTELELAd-hocl TTT Ttramt [| 


3.2 Rust III 


Rust CET İUİLİLİTLİTİİLİİRusüi III IILI IILI I III! 
DELE Rust 1111) 


LİLİLİLİLİ İLİLİLİLİİLİLİİİİİLİRusti UU EIE CIO 000000000 
LİLİLİLİL İİ İLİLİİ TİL İT İLİLİİ İT İLİİLİLİLİL İTİL İTİ İLİL İT İLİ İLİLİT İLİLİLİLİLİL İT İLİLİLİLİL LİL İTİLİLİLİ 
LLL Rust [I IILI III CO ptien TAN Result TEN 
0000000000000000000000000000000000000000000000break 
Ocontinue[]]000000000000000000 Onever]000000Rust TTT 
LİLİLİLİLİLİLİLİLİ İLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLLLRusii TETETCTETJCILTL 


3.2.1 0000 


LİLİLİLİLİLİLİLİLİDİLİLİTİLİLİİLİTİLİHİLLTLLHELİLİRustiİfİİTilRustiİLili 
GCİİLİLİLİLİLİLİLİLİLİLİLİRusti İLİLİTİLİİLEVM IRIJIILIILIII IILI III! 
LİLİLİLİL İLİLİL İL İLİLİL İLİ İLİ İLİTİLİİİİ LI 


LİLİLİLİLİLİLİ İLİLİLİLİTİL. 


RustİTLLİLUİİLİLİLİLİLİİLİİLİLİLİLİLİİSized Typeli (UU 
u3 200400 ona Rustin 
LİLLİLLİLLLLLİDynamic Sized TypeliDS İT) [Iste ib d lc II! 
LİLİLİLİİ İLİLİLİL İL İLİLİ İL ODO III III str III III 
HUO Rust İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİİLİLİİLİLİLLİİSstrTİliLiiLiLI 
EOIDEIEIDCOID BEIC oa 
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&str[| IILI istrLLILILILILILILILILILILILILIL IILI IILI IILI IL 00000 
UU&str 000000000 00000 ITU DUDU str 


LİLİLİLİLTLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLLİSestrTİTİLİLİLİLİLİLİLİLİLLİLİLİLİLİLI 
DDD ODO ODO str İLİ İLİ III III 


10003-104str TI 


fn main) | 
let str "Hello Rust"; 
let ptr Str.as ptr); 


let len - 
erinmtinif” 0”, Eria 77 0255505459500 
(2215. Tens 77 10 


str.len(), 


Printi! 


} 


— O) OB O N HH 


00003-1000000000stri0das oe ibit iiit] 
DO O DO OD DB BOBO OOOO EE ETE TEE Fat 
Pointer], | TILLS-strT HOHO 

0100000000Rust0000t7100000000000000000000000003-21 
LİLİLİLİLİLİLİLİLİLİLİLİLİİ İLİ? 


00003-2000000000000 


1. İn reset(mut arr: [u32]) { 

2 arr[0] Ds 

3 arr[1] = 4; 

4 arr[2] = 3; 

o arr[3] = 2; 

6 arr[4] = 1; 
TA printini ("reset arr ([:7]", arr); 
Bs ) 
9. fn main() ( 
LU, ler arre [4521 = İL, 2, öy úr Sis 
S UN reset (arr); 
LA prim İrili origin arr 1327; are; 
132 | 


0000s-2000000 


fn reset(mut arr: [u32]) 1 
WENN i i '[u32]| does not have a constant size known at 


compile-time 
0000000000000lus21000000000000000000000000000 
(u532[)51000000003-3000 
00003-30000000lu3 2102100 


1. İn reset (mut arr: [u32; 51) | 

2. arr[0] = 5; 

b» arr[1] = 4; 

4. arr[2] = 3; 

S. arr[3] = 2; 

6. arr[4] = 1; 

T, ptinblpli("resebt arr 271”: are 77 Eo; de 5, 2 I 
8. } 

9. fn main() ( 

10. ler arre [6322 31 e [ie 2, 3 de ole 

11. reset (arr); 

7: erinin ("Origin art 1277”, “EE” v^ Als 2; Sy 4; 3] 
13. 3 


10003-SU0000OOOOOOOOOOOOOOO00O000000000000000 us 2] 
100000000000 Copy trat İİ İLİTİLİLİLİİLİLİLİLİİİLİİLİLİLULİİLİİLİLULULİİI 
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&mut [u32 1000 6mut [u32]00lu3210000000000000008lu32]O 
000000000000005-4000 


010003-40008mut [u321000000 


1. fn reset(arr: &mut [u32]) | 
2; arr101 = 5; 
3: arr[1] = 4; 
4. arr[2] = 3, 
5. arr[3] — 2; 
6. arr[4] = 1, 
7. // EZA, MIR% (5, 4, 3, 2, 1] 
O: printini ("array length 1:21, arr.lenÜ ) 7 
9. // arr Lək € €? (5, 4, 3, 2, 1] 
10. println!("reset array {:?}", arr); 
it. wd 
12. fn main() { 
I. lot müt arr = LL, 2, 3 S, Öl? 
14. // €XXwW, REGA (1, 2, 3, 4, 5] 
ies println! ("reset before : origin array {:?}", arr); 
16. { 
lg. let mut arre &mut[u32] = &mut arr; 
18. reset mut arr); 
19. ) 
20. println! ("reset after : origin array {:?}", arr); 
El. J 


0000 3-4 0000 4mut [u32 JEJE DUI] SE 3 2 1000000000000 
100000000000000000000000000000 mut [u32 180000000000 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİLİ İLİ İLİ İLİ İLİLİLİL İTİLİ İT reset VITH 

IL 13-S LIE Eu 3 21]5 J|] & mut [u32 1000000000000 

ULLL3-51LLSTu321511iSimut |u32100000000000 


fn main() ( 
assert eg! (std: mem ¿Size Or? :<e [0327 3S) St) 6)7 
assert eg! (stas: mem: size or::ce&mut [us2]>1), 10); 
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0003-50 stda O menm[ size offiSlu32115 INOOH 
0000000000801604lu3215100000000080000 mut lu32 10000 
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10003-600000000000 


1 enum Void () 

2 struct: Foo; 

3 struct Baz { 

4 LOQO? FOG, 

2. Güme EI, 

6 baz: [fuer EI, 
l } 

8 fn main() { 

2. assert, eq! (8 
LG, assert. eq! (8 
m assert eq: (s 
LA, BESSE. Edi LB 
1.23. assert, eq! (S 
14. | 


ua GEI 
alge or: 
Salze OT! 
¿Size GI 


usia OI 


:<()>(), 0); 
er). Uk; 
aze a 0) 
REEL SS E e 014 
<| 7 ( 


0000s-S O d E p UU UUB 
1000002 STOOOOOOOOOOODOOOOOOOODOUDODDUOUUDUD Z9 TOO 


ENE 


Q000s-7D000000000000000000000 
00003-70000000000000 


ls EN mainii 4 
2. let v: 
de. 3 


Tin 3-7 SERES, WR: 


| let v: 


| AAAAAAAXN 


AAAAA 


expected (), found struct ‘std::vec::Vec 


1000000000000000000000000000000000000Ostdl 
vecl]ilVec1]000000000000vecli000101000000 


1000S3-e000000000000Vecl00000000 
10003-8000Vecl0000000 


E fn main() ( 
let v: Vec<()> = vec! [(); 10]; 
Lor 1. qm wd 

PELINCIR: pos LIS 


) 


On UT d QU N 


, J 
LİLİLİLİL13-ƏTİLİİLİLİVe ci İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL OHOOO 
LİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİVe cLİLİLİLİLİLİLİLİLİZ S TOO 


UU ZU Rust Bash Set TETTE] 
BTreeSet]TUUUUUUUUUHashMapfjk TODO HashMapUKQ0nob 
LOBO EID Hash Map KO THTIBIEIDIDIBCDUDUDUC UH Ha sh S et İTİ II 


OOL 


HUOO Bottom Type II IILI LIL IU 2 LİLİLİLİLİneverl HUDU 
RRE 


UI 
* LİLİLİLİLİLİL İL İLİLİTİLİ 


LODS ELIDIDID 0” 0000000000000 GU 
LİLİLİLİLİLİLİLİL. 


Rust 10000000 00 TİLİTİLİLİLİLİİLİİBang Type Rust TJEIIDIDICUEI 
LİLİLİLİL İLİLİL İL İİ İLİ İLİ DO ODO İLİ İLİ İLİLİT İLİLİLİLİLİT İLİ? 


- DODO L]Diverging Function || 
continue break HI 

- loop] 

000 O0Denum Void { } 


00000000000000000000000 panicTililfThis function never 
returns HOHO sidlillprocessi İlfexftl pb b I III! 


continue[]break[]10000000000000000000000001copi00000000 
LİLİLİLİL İLİLİL İL İLİLİLİLİİ İLİ? 


Rust[]ii10000000000000000000000000000000000000000 
1000000000000000003-2000 


00003-30000000 


L. #! [feature (never type)] 


2 fn 2000. => 1 4 

4 Loop. b DBEIHEINETITRTLE | 
>. } 

6 fn main() { 

7 let ı = if false { 

8. Loot)j 

9. j else 1 

10. 100 

14; bz 

İz. assert eql(i, 100); 


L3 d 


DIS OUT UU Tool VTT Le Ese OOOH 
010000else0l000000000000000000000000000 


000000 enum Void: +1010000000000000000000000000000 
LLILLILILILILILILILILILI LIL 9000000000000 


00003-10000000000000000000000 


1. enum Void 1) 

2 fn main() { 

ə let res: Result<u32, Void» = Ok(0); 
| let Ok (num) = res; 

5 


) 


RustllLİlResulti OOOH Oka Era n p We LI IILI! 
000Err00000enum Void1 +0000000Err000000000000it Tet r1 jc] 
LİLİLİLİL İLİLİL İL İİ İLİLİLİİ TEJE CTI TL LL 


LİLİLİLİLİLİLİİLİLİİİRusüi Tİ İLİİİLİLİLİLİLİLİLİLİLİLLRusi HUU 
UULNUUURust ITU 


LİLİLİLİLİLİLİLİLİLİLİLİ DEED Lu Ru CC UU 
3.2.2 [ODO 


LIL Rust İİ İİELİTLELTLRusü TİTTLTTİİLİİRustİ 00000000 
HOOD Haskell İİLLİRusti T I b DEDE 0 


Q000s-11000 Rust HUO 
0003-11 00000 


/ In Suma 132, DE 132) €” 4132 4 
ca a b (D as use) 

zə ) 

4. fn main() { 

Da let a = 1; 

B let b = 2; 

y 

8. 


assert eq! (sum(a, b), 3); 
let elem = 5u8; 

I: let mut vec = Vec::new(); 
10% vec.push (elem); 

Eds assert eq! (vec, [5]); 

12. =} 


LILIHLILI3-1111HHLİLMOLİLLLULULLaLibULLLLİLLUELLRLİsumlirii 
00000000000Rust00000a06b00000008200000]ušfOelem(109000 
00000000000Vecl] 00000000005-7000000000001000push( UE 
elem[] vec[]000vec[]000Vec[]u80]0) 

Turbofishi IL 

URust INUA 
Q00s-1 200000000 

00003-120Rust11000000000000000 


1 fn main() { 

2 let x = "1"; 

2. erintinii”iz 2". Sparse () unwrap ())s 
4 ) 


01000005-1 200000000000 


error1E02841: type annotations required 
| Srintintit"i 23. x.parse() unwrap) 7 


| A A A A A 


LİLİ113- 1 2TİTİLİLİİLİLTİTİTİLİLİİLLİİTİİparsel TTT 
DOBDODO Rust DOUD A 20013820000 
Rust TITEL T AUT 

D0003-1 3000000000000 
fn main() { 

let x = "1"; 

let int x: 132 = x.parse() .unwrap(); 


assert eğitime x, 1) 


CE Ww N HR 


) 


Rust LUOL IL IILI 400 
0003-14 0000000000 


i fn main() ( 

Za let x = "1"; 

33 assert equi x.parse:s<152>().tnwrap(), 1); 
4. ) 


HUUUUS-1 4000 parses ZİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLLİ 
LILİL13-13115111İLİLİLİLİLİİİİİTİLİLİLİLİLİİLİLİLİLİİİTİLİLİLİLİLİLİLİLİLİLİİİİTİLİLİLİLİLİ 
00000 OUT EICu rb ofish ETT C] 


LİLİLİLİLİLİ? 
HUUU Rust TİLİLİLİLİLLİLİLİLİİLİLİLİƏ- 1 SHAO 
HUUU3-1 50000000 


1 fn main() ( 

2 let a = 0; 

3% let a pos = a.is positive(); 
4 


} 


00003-1s0Ois positive ODO OOOO OOO IDBBUUHUE IL U Rus | 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİ 

error[E0599]:no method named is positive found for 
type {integer} in the current scope 


O000Otinteger+ 000000000000000000000000000000000 
Llal İLİ İLİLİLİİ İLİ 00000 Da İLİ Tİ A İLİLİTİLİLİT İTİL. 
Rust Iİ İLİLİ İLİLİ İLİLİ İLİLİLİLİLİLİLİLİUİLİLİULİLİLİ 
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LiLillGenericl İLİLİ İLİ BOO dond IL ILILILILILILILILI uu nun 
HOUUOUOOOOUOUUUUUUUUUUUUUUUUUUUUUUZ2 OUUUUU Bozi TOUL 
Option THAN Result [TL EO 


3.3.1 0000 


O0000000000000000000000S-16000000000000 
00003-1600000 


ug En. EOOST-1XS< T) — 7141 
return X; 

} 

fn maın() { 


assert eq!(fooll), 1); 


Oy Ul d EN 


assert ei (Too ("hello"), “nello”j; 
YT J 


100000000000000000S3-17000 
00003-17000000 


Ll. Struce PolintsT> 4 22 I, ys T 4} 
010000000000000000000:0000000 0000000000000000 00 
01000000000000000000000000000000S-15000 
00003-180000000000000 


1 t [derive (Debug, PartialEq)l 

2 serieet Poynter» dess T, YA WT] 

3 mp > PointsI | 

4 In nevwixs T, y: T) => Selfi 

ə. DOLMASI X Vi VI 

6 ) 

7 ) 

8 fn main() { 

9. let pointl = Point::nev(1, 2); 

LU. let polHt2 = Polint;:new("l", "2": 

dələ assert eq! (pointl, Polmtixç dg ye SI)! 
Lö: assert eg! (pointe, Pointyz: "Ll", yi TAr" 
LƏ. d 


0000300000impilT0000000000T0Rust000000000000000 
010000000Vec[LO0000000000000005-1900000Rust000000 


10003-19000000VecltU00 


1 pub struct Vec<T> { 
2 buf: RawVec<T>, 
SC? len: usize, 
4 


) 


Rust JE CEDE İLİ LL Lu nun Lu nunu nyan 
000000000Monomorphžzationf] 11000000000000000000000 
LES 1er 000000000000000000000000d0000 00000000000 OOo 
3-1 600000003-201] 


00003-20000000000000 


ch TOG 112: 232). => 192.43 


return X; 


fn foo 248: €" static Str) => q”otatıc str 1 


return X; 


fn main() { 
roo 11417 
foo 2 CR dë ; 


Re 10 0 zl OO VI BEN P 


0. | 
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LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ LLILII L Rust IILI IILI III 
LİLİLİL İL OO DO O İİİ İİ İLİ İLİ İLİLİL İLİ İLİ İİ İLİLİL İLİLİLİLİLİLİ 


3.3.2 [00000000 


OOOHOOOOOOOOOOOOODODUUD 3-21 HUOO 
10003-210000000000000 


1. t [derive (Debug, PartialEg) ] 
2, Struct ollas), 

GA t [derive (Debug, PartialEg) | 
4. struct Bar(i32, 13215 

3 Lrart Inst | 

6. fn new(1: 132) — Self; 
[^ ) 

Ə. impl Inst for Foo { 

9. fn new(i: 132) -> Foo { 
10. EOmo) 

Ld ) 

doe |] 

13 mpl Inst for Bar 4 

14. fn new(1: 132) -> Bar í 
La. BGECL, 2 + 10) 

16. ) 

lie 4 

18. En LrGDObaHE«T: Inst»(1i 132) > T 4 
LS T::new (1) 

20. | 

lw fr Maint) 4 

2 d. let £: Foo = foobar (10); 
“a assert equ (£, Seet Ui 
24. let b: Bar = foobar (20); 
ZO, assert eg! (b, Bar(20, 30))¥ 
26. | 


LILILIL13-2 1 UU D DT Peer Barr I| niti anst real OO 
nevvlİLLİLTİİİTİEİİLİLİToobarfİTİLLİLİLLİLİLİTİİnevvliİLiLi 

0002200 0foobart|0000000000000Fool]00Rust000000000 
00000Fool]Onewf]00000000240000foobart]00000000Bar00000 
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LiLilltraitl1Rustl UU Rust HUDU O PHUUUUUUUUL 
LİLİLİLİLİ EIE era i HUUU rai ti MUUZA 


DUT era I IILI U itraittiRustIJAd-hoc[ILI I IILI I! 
Ural ITT tra 11040000 


* UNU OTTO 

- 0000 TİLTİLİİLLİtraidi IT UI 

“ LİLİLİLİ LİLİLİLİL İLİ İLİ İL DO O DO İTİLİ İLİ İLİLİL İTLİTİLİTLİLİ 
' Lilitrait (000000000000000*00°000 

II era e 0040000 


3.4.1 0000 


trait İİ İLTİLİLİLİLİLİİLİLİ İTTİLİİTİLİLİİ 

* LİLİLİLİLİLİLİİ İLİLİTİİ İTİLİ İLİLİLİ 

* LİLİLİLİLİLİLİİ İLİLİL İL İTİLİİ İLİLİLİLİLİL İTİL) 

- LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİL İLİLİLİL İLİ İLİLİL İLİTİLİTTİLİ 
` O0O0impl0000000000000 

: trat TİLİTİLLİİLİ 
L13-2İİİLİİLİEraitİ NDOO 


trait Foo 
JA 
? 
A 
© 


3 
€ 
"TI 
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c 
x, 
a 
= 
LU 
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01020000002-230000Fly traitllLİLLİUİULİLLLLLLDuckiİPigTii 
000trait10000000000000000 Ad-hoc [III I itraiti ITT 
000000 000000000 trait İTİL TTİETLLLLLLLLLAd-hoclililLi 


RRE 


LiLİİTLİRustiilİLİ İLİLİİTİLİLİİİtraidi ITU IOtroa 00000 
LİLİLİLİLİLİLİL İİ İİİ TİLLİ İTİL İLİLİLİL) 


LİLİL İLİ İLİLİİ IILI III III Tİ İLİ İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİİLİL. 
LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLLİLİLitraiti 00003-22000 


HOUU3-22Q0000trait VTT 


1. trait Add<RHS, Output > { 


2 fn add(self, rhs: RHS) -> Output; 
a } 
4 Impl Add<132; 1327 for 1321 
5 tu my adi(eelii, ths; 122) e» 132 | 
6. self + rhs 
1 } 
B. ) 
9. lmpl Add«u32, 1325 for məz í 
1O. tH my add(selr, Eis: ve) -> L3& 1 
El; (self + FHS ) AS 132 
12, } 
Je d 
14. fn main() { 
Lə. let. (a, b, ë, d) = (1132, 2132, 32, 4022)? 
16. let x: 232 = a.my_add(b) ; 
17, let ys 12 = Gemy adda? 
18. assert. eq! (Xr 3132) 
19, assert. edi (y, 1132): 
ZO. | 


00003-220000Add traitQQQ000000000RHSOutput 00004 
000000000000000000Ltrait0000add]000000selt000000000 
trait[ ILILIL 


0000i320u320000000Add trait[] 


000400080000i520000Add10000000i3200000000000iS 20 
OI 


0009000130000u520000Add1]0000000u3200000000000 
132000 


O00Omainl0000000iS2 us 2 UNLU unu uyu 


LiLltraftl nn nunun nunun nunun 
LİLİLİLİL İLİLİL İLİ İLİLİLİİ TİLİTLİLİLİ TİL. 


“ LİLİLILİLLİLİLİLİ:5 2LH.Ə ZTİLİLİİLİLİLİLİLİLİLİLİLİLUİLİLLİLİ 3 2 000 


 0000000000000000Rust000000000000Stringil00000000 
O000String]JOO0ODAdd100000000Stringil00000000000000000 
000000000000000String DOIBOIDCIDUID HA d d ester jString LI] 


LILILILIILILIILILILIILILIA dar non dond ondo ndo 00000 Rust LİLLİ 
LI LIA dd trait TTT 


HOUU3-23 0 Rust EIEIEIAd d. trait 
00003-230000Add trait] Til 


le pub trait Add<RHS = Self> { 

2 type Output; 

3. tn addtselr, ene: RHS) => Selt:trQOutput; 
4 } 


00003-2 300000000 trait o0000000s-220000000000000000 
000000000000typel0l00Output00000000000000000 [L Add] 
RT15-SeliİLTİLİLİLİİLİLİLLLİRFİSİLELLİSelifiSelifililftraiif IILI IL 
0000 TİTLİİLİİİtratt (OTI 


000000000°+*0000Rust000000000000000000add 1000000 
01000000000000°+*00000add100000000003-3000 





03-30°+*0000000add0000 


00003-2400000000us20000Add trait(1010000000000000 
LİLİLİLİLİLİLİLİİ İİLTİLİ 


0003-24 000000u320000Add trait 


I impl Add for $t ( 

2 type Output = St; 

d. fn add(self, other: St) -> St ( self + other } 
4 ) 


(bus EL ]ju 3 2L] Add trait[][01000000000000005-240000$t 
DO0000001 2000000000000000000st000dus2000000003-250 
UL 

00003-250000000$t00u3210 

1 impl Add for u32 ( 

2 type Output = u32; 

E? fn add(self, other: u32) -> u32 { self + other } 
4 ) 


00000000u5200000u320000000000us20000000Add trait 
LİLİELİİLİİLİLİLİLİLİLLİLİLİLİLİS elf O03 2000 


LİLİLİİİLİStringliİLİİLİLİLİLİLİLİLİLİLİİLİİLİLİLİLİİL15- 2 eD ES trim g TET 
LI LIA dd trait(]01001000000000000000000 


00003-26000000String u Add trait 


d impl Add<&str> for String ( 

2 type Output = String; 

3 fn add(mut self, other: &str) -> String { 
4. Sell. push: Strother); 

2 self 

6 ) 

H ) 


00003-260]0impi Addrj&striib bbb ceestr DU mS eH TT 
LODBICIDULILS tring DETTEIDIDOITIIOIDEIETE CIL] Ses ert Os trim g TTT 
OutputliliLiStringiLİİİTİTİLİELİLLLİSEringTİİLİİLİLİLS-2 70UUString 
LİLİTLİİLİLİİL. 


00003-270Stringl]000000000 


1 fn main() { 

2; let a = "hello"; 

S let b = " world"; 

4 let e = a.to Stringi) + D 

5 erincin?(”1:77”, e); 7/7 "hello world" 
6 } 


LILILIILI3-2 n0 np parnbrn&str TIBET Tal riSteim gr TT 

11010000000000000000000000000000000000000000000000 
00000000000000000000000000trait00000000000000000000 
[trait(10100000000000000000000000 

trait TI 

OOAdd[]traitf]01000000impi Add OHHH OOO iii in Rust] TE] 
O0000DAdd trait(100000000u532[(]u64[1000000000000003-28000 
LILILILILILILILILILILlu 3 2Hu 6411111111 


HUUU3-28 000000000000 


use std::ops::Add, 
ımpl Add<u64> for u32{ 
type Output = 0064; 
fn add(self, other: u64) -> Self::Output { 
(self as u64) + other 
) 
) 


OD si Gy UT A LJ N F 


fn main() { 
I let a = 1u32; 
10. let b = 2u64; 
id. assert eq! (atb, 3); 


Lz. 3 


0000s-2s8000000 


error[E0117]: only traits defined in the current crate can be implemented 


for arbitrary types 


0000Rust000000000000000Orphan Rule (0000000000 
000Otrait[]000trait0000trait(0000000000000erate[]00 000 
UUL3-2811Add trait[]u32[]u64[]00000crate[]000000000000000 
01000000000000000us2[10100000000000000000000 A ZU 
crate[|[| IILI IBugi| 


LILILILILIILILILIILINLILAdd d. trait) E rerateb bibi 3-290 


00003-29[000crate[l [Add trait 


Li trait Add<RHS=Self> 1 

ZA type Output, 

De Ln adalself, asi BHS) -> Belr::Output; 
4. } 

d impl Add«u64» for u32{ 

6. type Output = u64; 

[4 fn add(self, other: u64) — Self;:Output 1| 
8. (self as u64) + other 

CH ) 

Lü. d 

Li. tH Ndlnt)4 

LS, let a = 1u32; 

LS let b = 2u64; 

14. aspext Gq) (8.300.050), 315 

15. J 


00003-29100 0cratellOOAdd traitf]100000000000000imp! 
Add 0000RH5s0000000046440000000000000add100000+0000 
ORust]0000000adda0]000000000000000 

HUOO Add trait(]1000000000000000000000000000 
Add[]100000000000000003-30000 


00003-300000000Addf [1] 


use std::ops::Add; 
# [derive (Debug) ] 
Struct Point { 
xs 152; 
vi 122, 
| 
impl Add for Point 1 
type Output = Point; 
fn add(self, other: Point) -> Point { 
Point { 


x: self.x + other.x, 


68: I cy ON 4” As es ES 


m Fe FY xo 
N m © ` 


y: self.y + other.y, 

1:3, ) 

14. ) 

1 | 

16. £n main() ( 

CS /7 Point. 4 £i 3, ys 3 ] 

deg, eg, Cer, Point x: L, wi: Q Lé Borub | xr 2, yi 3 Ei 
19. ) 


0000000000Output[01000000 TT Tag TEE Point TİL 
[Selfi ULUS elf[][JOutput]] 

trait| | | 

RustlİHLLLULULLLULLULLLLİİrafiti H Tilltraitl TiTEltraitfl TELİ 
LİLLİLİELİLİLİLİLİL trat HUUU real 00000000000 
LULU 


0000Webl00000000000000trait000000000000003-3 00000 
LIL Itraitl| 


00003-3100000000trait 


trait Pagel 
fh set page (íself, Pi 232) { 
println! ("Page Default: 1"); 
) 
} 
trait PerPagel 
tn set perpage (tselt, num 192): 


CO — O) OFF 4» GO NN Fa 


println! ("Per Page Default: 10"); 


WO 


} 


li 7 

11. struct MyPaginate{ page: 132) 

12. impl Page for MyPaginate{} 

13. impl PerPage for MyPaginate(] 

14. fn main() { 

Lə. let my paginate = MyPaginate {pages if; 
Lë my paginate.set page (2); 

14, my paginate.set perpage (100); 

18. 7 


10003-31000 0PagetlPerPagel]|Iltrait1110000000000000000 
OUOUUOOOUDOUODOUOUDOOOOOUSet page [] set perpagel Lif IILI IILI İTLİ 
1000000000000000001000000100000 


0001 10000MyPaginatel VII 
00012000130000MyPaginate[ | [0Page[]PerPage[ HUO mpi! 
TU trat ITU 


QO000140001800main 0000000 MyPaginate 0000 
my_paginate||[ | |[ II Iset pagel]set perpagel!1000000000 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİltrait, 
10000000000S-32000 


00003-32000trait1110000 


trait Paginate: Page + PerPage{ 
fn set skip pagefsself, num: 132) { 
printin ("Skip Page $ 1:77”, num): 


} 


il 
2 
3 
4. } 
> 
6 impl <T: Page + PerPage>Paginate for T{} 


10003-20000 Paginate(000000000U0 0 trait DTE EL E] 
Page+ PerPagellliPaginatel İLİLİLİLIPageLlPerPageltlLiLitraitl 00000 
trait/ I LIL ra II III Tea! TTTTLLLLEEra 0000000 


00060000T000Paginate[]000000impl0000000000000000 
Page[]PerPage[]00000O0Paginatef[] 


00000OOset skip pagel]000000003-334000 
O0003-Sš100set skip pagelli 


1 fn main() { 

2 let my paginate = MyPaginate{page: 1}; 
SR my paginate.set page(1); 

4 my paginate.set perpage (100) , 

5 my paginate.set skip page (12); 

© } 


00000 3-33 [IILI III set skip page (DUTOT 
LiLftraftl İİ TİLİİLTİLİLİLİLİİLİLİYİLİLİLİ 


3.4.2 01000 


HOHO 
LİLİLİLİLİLİLİLİ 
D0003-340000000 
100 tn SsumeTolat T, Di TH 
a a t b 
3. ) 


(OD 3-34 D sum (UDO 
LİLİLİLİL İİ İLİLİL İİ İLİ İLİLİİ İİ İİLİLİLİL İTİL İİTİLİL İT İL İİLİLİT İT İLİ LİLİT İTİL İLİLİLİL İLİ İTİLİLİLİ 
LİLİLİL İL İLİLİL İL İİ İLİ İİİ İİ İLİ TLİTİLİLİL İL İLİLİT İLİ LL 


LELLLLLİİİLİİİtraitl HUOO 
trait | | 


LİİTLİT13-341 00000000000 00000000d000000000003-35000 
00003-35000000000 


use std: :ops:: Add; 

Lü Sumer? AdgdOST, Durtput=te*>tas Ty b: T) > Tİ 
a d e: 

) 

fn main() { 
assert eq! (sum(lu32,/ 2u32), 3); 
assert eq! (sum(lu64, 2u64), 3); 


© €) O) OO e W N H 


) 


ULULUL3-55HHULULUTUAddITTOutputz DUTOT 
sumlİLULLULLULLULAdd real TUTE 
OOAdd[]T[]Output=T00000000000000 Output 0T0000000000 
TTLLLLAddTOutput-TTu 

OOO0sum00000Stringl]00000000000Stringl]000000000000 
01 £str000000000sumf OOAdd Graf WII 


[trait (10100000000trait[][) Utrait Bound [11010000 


in generic<T: Mylrait + MyOtherTrait + Somestandardirait>(t: T) 1) 


DODO 0000 0000000000000 1000000 T 0000 Mylrait[] 
MyOtherfTrait[]SomeStandardTrait(]000000000000000000 

LLtraitfTi 

trait]00000Javall000000Ruby[IPython[ | [Duck Typing || 
Golang[ [Structural Typing []Elixir[]Clojure[ |] Protocol (ULU 
00000000000000000000Ltrait0000000000000000Structural 
Typingl1000000000000000000000000000000Duck Typing] 


Protocoll |] Structural Typing[]01000000000000000000000000 
Rust[][]trait[][][]l] Structural Typing] Q000000000000 Duck 
Typing [] 

00000 000trait0000000000000000000000000 UI let 


xjus2[10000xEus200100000xU00us21000000000000005-s20000 
trait]] 


trait Paginate: Page + PerPage 


trait IIIA DELLLLLPaginate C 
[]Pagen Perpage[][] Paginate|][]|] Page[]PerpageL]LELLLILILI 3-4 [] 
LİLİ 





[3-4[Paginate[0000Pagef]Perpage[10000 
0000000 Rust 0000000000" 000000000 000000000000 
impl<T: A+ B> C for T 


UNUNU DUT Cp rait C*00103->000 





113-5UULLTcHA nBTLLUTrait C 


Rust 1111000000000 URust E IILI IILI Rusi UU 
UCHO Rust IILI IILI 00000000 00000000 trat 1000000 
LİLİLİLİTİLİLİLİ İİLİTLİLİLİ? 


O0OOOtrait DUTOT 
O0000trait İT İTLİLİLİLİLİLİLİLİLİLİLİLİLİL nu tra 


LİLİLİL İL İLİLİL İL İİ DO DDD LL 
LİLİLİLİLİLİLİLİ LİL Tere rt IILI IILI III II LI II II II IL! 


Er TOo@T: A, KS Bree Be Dotar To. Dt Kr 65 Brix x x] 


Rust[|iwhere[I[ II 0000000000000 


in Too<T, Ke Relat T, bt K, ct R) where 1: A, Kt BFC, Ri Diss si 


LİLİLİLİİ İLİLİLİİ İİİLİ TCI TL TEILT 
3.4.3 (000 


rat ITU UAbstract Type (11000000000000000000 
000 UExistential Type [171070000000000000000000000000000 
[III] 

10000000000000000000000000000000000 Rust[I III 
LULLLUL3LtraitT Ti Jimpl Trait [| 

trait| | | 

000000trait101000000000000000000000000000000000000 
000000000000000000000000000000ItraitO0Otrait Object] [| 
400*000000000000000Itrait0000000000000000000000000000 
00000000000000000traitOE 


Lİİİİ1113-36TİLİİtraitl TET ferait ITT 
00003-36[]trait/ [trait İTİTİTİ 


# [derive (Debug) ] 
sorucu POO 
trait Bar 4 
fn baz(&self); 
} 
impl Bar for Foo { 
fn baz(&self) if println!("{:?}", self) } 


EES 331 a Gl Ge LO DO ($ 


Ko 
Fh 
> 


static dispatehti> (ts FE) where TeBar | 
cz () 2 


dynamic dispatch(t: &Bar) { 


PrP H H 
W N m CO" 
Hh 
ə 


t.Dast); 
14. ) 
15. fn main() { 
LE LƏL foo = Feo; 
LT. static dispatch(&foo); 
L6. dynamic dispatch(&foo); 
19. 1 


HLLULU35-56LU(ULUULUFooLBar tram Tool Tat 

0009000140000000trait0000000staitc dispatchliUltraitll 
[dynamic dispatch[][][] 

000150001900000static dispatch[|dynamic dispatch[][][] 
static dispatchl1liLİHLLLLLİLİL t 000000 baz (000000 Foo (0000 
Bari dynamic diepatchl III au Barl]traiti WII 
LLİTİTTİTTTTİTİTİTTİLİTİTİTİTTİİ 

trait ITU Tea! CEET 
CO BoxlTİTİELTİLİE trait [I[ I trait TİTTLLELLLS-3 700000 
LİLİ 


00003-370000trait000000 


1 pub struct TraitObject { 
2 pub data: *mut (), 

d pub vtable: *mut (), 
4 ) 


LILILILI3-3 7TİLİLİLİTraitObiectliHRusti İLİLİLİLİLİLLİLLLLLLitradtTİTli 
000000000000 Unsafe (000000000000000000000 traitf WT 
TraitObject (000000data[ [| Uvtablelil [][lippph MyTrait 
for T[][]data[][]DL] trait (00000000 Tüvtable 0000000 T 000 
MyTrait | Vtable (Virtual Table[][0000000C+-+1000000000 00 
LILILILILILILIILILILILILILILILIL TTT raitObject 0003-6000 


TraitObject 





[13-6] TraitObjectQ TI 
ULELELLLLELTraitObiectl ODO DO ODO nd OOOH 
000000000100trait object.method[ (000000 TraitObject[[] 
ULUNNU LULU UN NALU CIEL HAAA Erat 000000000000 
00000000 3-36 00 dynamic_dispatch[]éfoo TTT 
HOHO OOOH. baazi LIU III) 
UUtrait NINAO 


LIL trait TTT ca! TT İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİ rai VT 
000000000Selt00000ltrait1000Selt00000000trait00Sizedt][ 
LiliSelifiliSizedlililiSized trait (10000000000000000000000 
Rust TILİİLLİLİİİLİLİLİLİLİLİLİLİLİLİLİLİİLLİTİİSizedi HAO 
UU 


[trait NUHU 
LİLİLİLİLİİLİLİ ferat TTTİTİtraitl 00000 


- trait[]Self]000000000Sized[] 
: trait İTİTTTTTİTLTTTİTİLİ" 
LLLELLİİtraiti HUOO tra ti HUOO 


trait[]Self]0000000000000Sized TİLLLUULLLULLLSizediiiLui 
HULLL3-3ölTu 
0003-38 0000Sized|[jtrait 


1. trait Foo: Sized ( 
LA fn some method (&self); 
>. } 


00003-3800 Foo 00 Sized DD D D Fe of i iSizedr Tr 
Foo ELS eH Eni niSizedr TELS elf IILI IILI Pe e ATUL 

HOOD Feo Tea OOOH Gel I III! 
010000000000000000trait000000000000000Selt000000000000 
003-7000000000 OOOOOOOOOOOODD 


| ?Sized 





03-70000000 


eau! TİTTTLİİTİLİTİTİİLİTİLİTUnsizefll HUTT HEITE 
OO OOOO ODO O OD 0000 00D 00000000 000000000 Tea! 0000000000 
HOODIE TItrait[][]Selt[]Sized[]1H DEB DU DE D trai eH E HU EL ELCHE DELI 
Unsize DD DOO OOO DO 0000000 00000000000 trat O 0000000000 
trait[ | trait] IHULLLULUMS eliHSizedHLLULL 


LİLİTLİTİLİLİİTİLİTİİLİTİİİ 
- 000Self ]Sized (UL 
* LİLİLİLİLİLİLİLİLİLİ TİL. 


> [1000000000000000000trait 10000 UVtable (00000000 
LİLİTİTTİTİTİTİİ 

> [10000000 Self (00000000 Self O00 000000000000000 
self] J&selflJ&mut self[]self7]Box[]Sel110000000000trait000000 
LİLLİ 

> Self11000000000000000000000000000000Selt000000 
self self] self ]|Smut se NODO DO tra IT 
LİLİLİLİL İT İİLİLİLİT OOOO ODO ODO 

0000000000000000Self1000000000000 

- trait 00000000 Associated Constant] [Rust 20180000 
trait [00000000000000000000000000000000constO00U 

00005-590000000000000trait[] 

00003-39000000000trait 


I; trait Bar ( 

in Daxiseli, x: 1132): 
fn bay(&self); 

fn baz(&mut self), 


Om EW N 


) 


00003-5900000Ctrait000000000000Itrait Barf][]Sized[] 
0O0trait00000000Self000000000000000005-40000000000000 
trait]] 


00003-400000000000trait 


// X ARAM trait 
trait Foo 4 
fn bad<T>(&self, x: T); 
fn new() -> Self; 
) 
// İŞ ZA) trait, KRAD RT E 
trait Foo { 
fn bad<T>(&self, x: T); 


Sa Oi 458 Bi Fr 


9. ) 

lU. "trait Foo: Bar | 

T fn new() -> Self; 

Lx. A 

13. // x*|[$-x48)trait, Ik A where + 9 

ld. "trait Foo | 

19. Th bad«T»(ssepBlf; x: T)? 

16. fn nev() -> Self where Self: Sized; 
Ly. Y 


000005-4000000200020000trait Foo[lliiii IILI IL erat TETTE] 
000000000Itrait01000000000000Ltrait TT UO trait 00000 
tratt0000070001 2000000000000000000Bar trat 00000000000 
0000000000where[]000000140001600000new(0000000where 
[UL SelfHSizedHULMUtrait Foo[)0000000000trait0000Otrait 
Foo ]]Jtrait J JJJJSized [| JULI new limpi Trait 

(Rust 2018 [Tui mpi Trait (TT team! 
0 00000000Boxed Abstract Typel| [][][]|]iimpl Trait (1010000 
000Unboxed Abstract Type] [1°00*0°00°00000000000°00°0 
0[0000000000°00°000000000000000000000040000000000000 
11010000000000000000000 

Olimpi Trait//10700000000000000000 0000000000000000 
0000let000000000 

00000impi Trait1000020000002-230000005-41000 

00003-41000impi Trait(10101020000002-23 


© — OY UN d. Le Ba E 
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use std::fmt::Debug; 


pub trait Fly í 
fn fly(&self) -» bool; 
) 
# [derive (Debug) ] 
struct Duck; 
# [derive (Debug) ] 
Struct. PIGA 
impl Fly for Duck 1 
In fly(&self) -> bool | 


return true; 


} 
imp Fly for Pig | 
fn fly(&self) -> bool { 
return false, 


) 
fn fly static(s: impl Fly+Depug) => bool i 
8.11%) 
) 
fn can fly(s; impl FlytBebug) => imal Fly | 
LE BEL) 
SE Lk deri can LİY”, 8) 
helset 
prinelni ("4 47) can't Ely", 8); 


} 

let pig = Pig; 

assert eg! (fly static (pig); false); 
let duck = Duck; 

assert. eq! (fly STATIE (duck), trus); 
let pig = Pig; 


let pig = can_fly(pig); // Pig RERÁ "EI 
let duck = Duck; 
let duck = can fly (duck); // Duck Säi "€" 


NAN 


AABE 


00003-4101900021000impi Fly Debugh OOOH 
000000000imp! Trait(]01000000000000000trait000000 

010022000290000can Hl Theo Fly+Debugl] 000000 
Llimp Fly(]100000impi Trait(11000000000000000000000 
LEE erai t TE TET] 0 

[main IT static TT turbotish TU 
000000 Rust 0(00000000000000000000000000000turbotish[][ 
O000O0can tly(1010000imp! Fly[]1000000000000000000000000000 
UU 

[00000000 let 00000000 imp! Fly 00000 let duck[Jimpl 
Fly=can fly[]duck[]10100000000000000000000000000000 trait 
DDD O Limp! Tra WITT 

OOOimpi Trait(]1100000000000000000000000imp! Tra VT 
01000000000003-42 000 

00003-42000000000impi! Trait] i0000 

1 use std::ops::Add, 
2 fn sum<T> (a: impl Add<Output=T>, b: impl Add<Output=T>) -> T( 

da atb 

4, ) 

0000 3-42 00 sum (000000000000a O DUDU imp! Addi] 
Output=T10000000000000a 0 b 0000000000000000000000000 
IT 

[jRust 201801010100000000impi Trait(]1000000000000trait[] 
U 0000000dyn ‘Trait DU den! Dynamic TTT mpi Trait] | 
UI den Trait EDD 

0000000003-4200000000dyn TrattODD00D00000s-4S000 

010003-430000003-4200000000dyn Tra! 0000 


1 fn dyn can fly(s: impl Fly+Debug+*static) => Box<dyn Fly» | 
2 ID SALY IA 

3 PEıntin” ("Veer Cam İY”, SI 

4. jelsel 

Ya prınelni. 12) can t Ily' SL: 

6 | 

7 Box: :nev (s) 

8. | 


00003-43000003-42000000000dyn can tly(10000O0dyn 
Trail UU Boxlldyn Fly000000000 trait (000 Rust 2015 (0000 
0[000Box[JFly]000000000 static 000000000000O0O0impi 
Fly+Debug1]1000100000000000000000000000000000000005(0 
LİLİLİLİLİLİLİİ İİLİTLİİLİTİ. 


3.4.4 [trait 


trait [1100000000000000000000 UU 
UU UU GUO Rusty DIET UI 
TU UU Db Cera e ET OU UU GOO UU 
Li TİLİLİLİLİLİLİLİ” TİLİLİT” oo" 


Rust UCD tra! İTİTELİLLLİLİstdiilTmarkerlllİLİİİLİLİLİL 
UU 


: Sized raf 

: Unsize trait) Tram! JL] EDD ODDO STA 
' Copy traitl|[ IL LLILILILILI I IILI I] 

: send traitQQ0UUUUU000UUU0000 

: Sync traitlİ TTT 

LILILLİLİRustl HOHO tra ti HAO 

Sized trait 


sized trait [HOO00000000000000000O000000 00000 3-44000 
Sized trait 000 


00003-44[Sized Grat TİLLİ 


j #[lang = "sized"] 

2 pub trait Sized ( 

3: INBA, AKKM 
4 ) 


sized traitl J| jtrait [110000000trait000000000000°000°0 
00000003-440100000Hang=[sized[] 0000lang[0Sized trait 
0Rust10000000000sized[]0000000Lang Item!) (00000000 
sized trait[]1101000000000000000000000000000000a +b00000 
OODAdd[]jadd[]a116p0000000000000000Hang=[]add! 1 I 
Rust 00000000000Sized]000000000000000000000Sized 
trait TİLİTTİT5-451T1) 
00003-4500000Sized traiti) 
La Server Foocre cr)? 
2. ¡SEFUCE Barcel: TSrTzec-(T); 


00005-4500Foo[]00000000000Fool TO Sized(]00000000000 
00000000000000700Sized 000 

[|Sized[]Sized trait(]000000Sized[ ]Unsize[ |0Sized[]00003-8 
OOL 


T: ?Sized 


T: Sized 


səsə / 





H3-8MSizedilUnsizelLUSizediiLiLi 


sized1]10000000000000000Unsize[000000000000000000 
O00000Rust000000trait(][T10001710000000700000000000000 
010000000000000000Unsize000000str00000000LTONJOLIODOD 
[TON OOOH NDOO Ta 


O00Sized]01000000Sized[]Unsize[1000000000000003-45000 
000BartlT00Sized111010000000000000000000000 


A NO 

- (UI osizel [IL LIST JL] & Trait] | 
 U0000000000000000U00 00 

00000000 00000000000000000000 00000 
1000000Sizel]0000000000000 

Copy trait 


Copy trait00000000000000000000000C0000memepy 121 
000003-46000Copy trait000000 
00003-46[JCopy trait 


Ke #[lang = "copy"] 

2. pub trait Copy : Clone { 
3. / [ARE p E, AKKM 
4 } 


0003-4601 0rmf5eng Urna copy HO Copy traitt0 00 
Clone trait(]0000000Copy traitHiUlULLULULUUClone Graf III 
0003-47000000stdOclone[]000Clone trait III 

HLLLS-471HClone traff 

1. pub trait Clone : Sized ( 
2. fn clone(&self) -> Self, 


fn clone from(&mut self, source: &Self) | 
eli = reçete) 


) 


Om A CO 


00000 Clone trait[][]l]Sized []L]U EIU LL] Clone trait]00000 
Sized[]100000053-470300clone from OLOO ri D E EB ETE 
clone[]000000000Clone trait(]010000000clonel000000 

0000000000 Copy trait]0000000Clone traitl 000003-48[] 
LİLİ 

ULLUS -4811LUCopy trait 000 op Clone trait 

La Serious MVSLPUCLI 


2 imp. Copy Tor MyStruct. 1. | 

2 impl Clone for MyStruct í 

4. fn clone(&self) -> MyStruct ( 
3 *self 

6 ) 


Ta 3 
00000000000000000000Rust0000000derive[]0000000000 
0000000005-49000 
00003-4900deriue[ [Copy trait[|Clone trait 


1. #[derive (Copy, Clone) ] 
Ze Struct MyY.otrucuş 


LİLİTİTİLİTİİİİ 


Rust UUNUULNUNUCopy traiti DUTOT bart [IU I 
LİLİLİLİLİTİLİLİLİLİTİLİLİLİLİLİLİƏ--5 OHOOO Copy trait) 
100000000000 Copy trait UUUUUtest_copyUUULU© opy traitl | 
LİLİLİLİLİLİLİL İİİ İLİL İLİ TİLİTLİTİLİTİL. 


00003-500000000000 Copy trait 
LA. rn test. copyer: Copy>iı: T) 1 
prtintint("hhh"rs 
) 
fn main() { 
let a = "String".to string(); 
test copy(a); 


— O) U e EN 


00003-20000000Stringl00000000000000 


error[E0277]: the trait bound `std::string::String: std: :markers Copy” 
is not satisfied 

| test copy (a) ; 

nn the trait std::marker::Copy is not implemented for 
"stä:sstring::sering 


LUCIDE LIS trig t (TTT op trait | 


(ID Copy trait nunun Copy VTT Tra 000000 
ITU TİL” UCopyüUUUUUUUUUUUUUUUUUL 
Copyl İİ BD d mnreepy iL İTİL n ip iE In d Lİ İTLİLLİLİLİLİ 
LİLİTİLİLİ İLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİL İLİ TİETİLİİLİCopylı 
(OUT 


Clone traitl İİ İTİLTİLLİLİLLİLLİLLLLClone ra bib bbb i 
0Copyl]00000Stringl]000000 Copy trait İİTİLTLLClone trait VT 
000000000000String Hilelone 00000000000000000000 op 
0000clone(0000000*selt1000000003-4800 


00000000000Copy trait (101000000000000000000000Copy 
trait TTİLTLİTİTİCopy traitt]1000000000000000Copyllw000g0A 
UTC op p A CO opyüUUUUUUUUUUUCo PY (OT 
LILİLİLİLİLİLİLİLİL İLİ İLİTİLİLİLİLİİLİLİCopylİLLİLLİTLİLCopyliLLİLİLİLİLİLİLİLİLİLİLİ 
cCopy003-90UUUUUCopyUClone QUUD 





Clonef 
fn clone... 


[]3-9[]Copy[]Clone[][ ][] 
Send trait||Sync trait 


Rust İli İLİLİİİLİ İLİLİLİLİLİLİLİLİLİLİLİTLİİİ O000 RustQ IILI IILI 
0000Rust000000000000000000000000ChannelfJArc10000 
LİLİLİLİLİLİLİ LİLLİ İLİİLİTLİİRusti İ IILI IILI IILI IILI IILI IILI III III! 
LİLİLİLİLİLİ 


LİLİLİLİLİİ 1 İL İL İL İL İL İTİLİLİLİLİİ Tİ İLİ İT İL İTİLİLİLİLİLİL İT İTİ İT İLİLİLİLİLİLİL LL 
LUOL Memory Corruption] 
OOL 


IOC 
OOOOOOUOUOOORace Condition] (110000000000000000000000 
[Data Race) | (000000OOOUOOUOOODOUOOOOOOOOOOOOOOOOOOUOOODU 
D^" aaa PB UU Erenglb bp OCC 
Actor UUUUGolangQUUUUUCS PHBUBUEURwstDOBICIEEBICIE EI EICTT LT 
LİLLİ” OOOH 

Rust | Bend [Sync İTlliltraitl Rust EODD 

: OOO Send HO nd go dond gn gd Do dond 0000000000 

Une AOA 

LLL İra UNU Rust TTT) 000 
1000000000000 000000000000000000 ost VIII OTT 
OO UO 

00003-2 1000000000000000U 

10003-5210000000000000 

1. use std::thread, 
2 fn main() ( 
Ja let x = vec![1, 2, 3, 4]; 
4 thread::spawn(|| x); 
ə 


) 


00003-2100000thread[|00O0spawn(l0000000000000000000 
LİLİLİL İL İL İLİLİLİxİ İL İLİ İT İLİ İLİLİLİİ ek İT İLİL İİ İLİ İTİLİLİL İT İL İL İTİLİLİLİLİLİYİLİLİL? 
LİLİTİLİLİLİLİTİLİLİLİLİTİLİLİLİLİLİL13-ə 2000 


HUUU3-s 2000000000000 


Ea use std::thread; 


2 fn main() { 

3 let mut x = vec![1, 2, 3, 4]; 
4. thread: :spawn (|| 1 

5 x.pushtLl); 

6 )); 

7 x push (2); 


8. |) 
00000003-52200000000x0000000000push1100x10000050000 
HO pusha 0000020 


LİLİLİLİİ İLİLİİ İLİ İLİLİL İLİ İLİLİLİL İLİLİ TLİ OOO İLİ İLİLİT İLİLİLİLİT İLİTİLİLİLİLİLİLİLİTİL. 
ODC S III IILI II IILI UI! 
00000 200000 2000000000000000 


1000000003-2 10000000000000000 


error[E0373]: closure may outlive the current function, but it borrows 


'X , which is owned by the current function 


| thread::spawn( || { 

| ^^ may outlive borrowed value x 

| x. pusn (117 

| - X is borrowed here 
help: to force the closure to take ownership of x (and any other referenced 
variables), use the move keyword, as shown: 


| thread::spawn( move || { 


LİLİLİLİLİLİxL İTİ İ İLTRusüi İLİ un İTLİLİLİLİLİxİ ULA 
LİLİLİLİLİLİLİTİXİ İT İİ İLİİ İLİ İLİLİ İİ İLİ İLİ İLİLİT İT move VT 
LİLİLİL İL İL İLİLİLİİ İT İLİ İTİLİLİxİ İLİL İİ İT İL İLİLİLİİ İT İLİ İLİLİLİT İTİ İLİLİLİİ İLİ İXİ İT İTLİ İTİLİLİLİ 
00000003-2500000000]movel00000000000000 


00003-530000000moüuef]l000 


use std::thread, 


fn main() ( 
let mut x = vec![1, 2, 3, 4]; 
thread::spawn(move || x.push(1)), 


77 Sapusnit2) + 


Ym A W N F 


- 5 


LİLİT1113-5 ƏTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİ Ss WOU 
0000000movell001000000x0000000000000000000SendSynce[ 
[trait nunun nunun İLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİxLİLİLİLİLİLİLİ 
01003-23005 Bp p IILI II CD DICTI TL 

00003-240000000Sendti]Sync(]0000000000000 


00003-240000000000000Send[]Sync[l 


L use std::thread; 

2 use std::rc::Rc; 

3 fn main() { 

4 let x = Rc::new(vec![1, 2, 3, 4]); 
o. thread::spawn( move || ( 

6 x[1]; 

7 II: 

8 } 


00003-40000std ecen i Reb nib D Rei iiiS end rS yncet T 
LİLİLİL İL İLİLİLİL İİ İLİ İx1 UU 


error[E0277]: the trait bound ‘std::rc::Rc<std::vec::Vec<i32>>: 
std::marker::Send’ is not satisfied in [closure@src/main.rs: 
xışud:zroz “Aeoxsud: vee: Vee<i325>] ` 

| thread::spawn( move || 1 

WW FS eee "std::rc::Re<std::vec::Vec<i32>> cannot be sent 
between threads safely 


LILİLİLİLİİLİLİLİLİLİxTİLİİİstdlilircliLİRcfistdiTiveclilfVeclli3 20001 
LİLİLİLİLİLİLİLİLİİLİRcL İLİ İLİ TLİLİLİLİLİLİLİLİİLİİRci İİ 
LİLİLİLİRci İLİLİLİLİLİTİLİL İT İRcİ İİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ III 
LO Rust DODO LU 


send|]Syne[ trat TilliliüCopyllSizedT TTT 
000000000000000000000000 Send (| Syne 0000000 Seng 
Sync KOO 3-5 SHOO 
00003-55[Send[]Sync[ it 
1. #[lang = "send"] 
2. pub unsafe trait Send { 


IMAZ, JG B SEU i 
) 


t[lang = "sync"] 
pub unsafe trait Sync { 


3 
4. 
5. 
6 
7 
8 (IRR, ZEISS 


d 
LILLIL15-561HERustlİLİTİLİRİİSendiləynclilTii 
00003-560Rustġ000000SendğSync 


i: unsafe impl Send for .. { ) 
Pn impl«T: 251zed> !Send for “const T + | 
ə. impl<T: ?Sized> !Send for *mut T { } 


00003-56001000000000for..01000000000Send]Šync[]0000 
000200050000000000000Send(000000000000000000000000 
3-56 ([000000000000000000 Rust (HOsrc/libcore/markerrs[[] 
LİLİ 

000000000000000000000000 Send Sync HHH 
Send[ [Sync [Rust000000Copy[lClone[]00derive[]000000Send[] 
syne (11000000000000000000000000000000000000000 


UNUULRust DE] Send Sync (00000000000000000000000000 
1000000000000000000°000'0000000000000O000O00O0OOOOWUOWWUU 
OOL 


3.5 0000 


0000000000000000000 Olmplicit Type Conversion İİ İL 
00000 HExplicit Type Conversion [11100000000000000000 
0000000000000000000000 Type Coercion (111010000000000 
TU Type Cast OL 

LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİCTİLLlavaSeriptfİLİLİLLİLİLİLİLİLİLİLLİLİLİL 
LİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLT İC AN 
HO Rust HOOD OOH unsate NDOO 


3.5.1 Dere£ I 1. 


bus TTT QUUUOUUUUUUUUUUUOUUUUUUL 
Rust [1000 BöxlTİTİTİRcİİTİİİ String 00000000000000 DEDUCI 
OUT EU "000 000000000000 d00000004 0000000000000 
OOL 


III 
LİLİLİLİ ODO İLİ İLİ İLİLİİ İLİ İLİ İLİ İLİLİLİLİTİLİLİLİL İLİ L 


LIİLITİLİLİLİLİİLİSİİTİLİLİLİLİLİLİLİLT”LİLİLLİLLLLLİDeref traitlİİİİTİLL 
000Deret 10000000000000000000000000 TURLEDerefl) 
Target-UllİTT111111İİ İLİ İLİ İLİLİİLİLİTİLLİTİLLİTLULİ 


00003-27000Deref trait[ HOHO 
HLLLS-57LNDeref traiti III 


pub trait Deref ( 
type Target: ?Sized, 
fn deref(&self) -> &Self::Target; 


pub trait DerefMut: Deref { 


il 

2 

3 

4. ) 
5 

6 fn deref mut (&mut self) =>. &mut Self::Target; 
7 


) 
DerefMut [|Deref [0000000000000 D00Deref 000000 
Target İ ii IILI IILI IL! 


String 00000Deref]10000003-585000000Stringil000 
00003-2800000Stringi]0l 


1 fn main() { 

2 let a = "hello".to string(); 

3. let D T vyorld”.to stringl); 

4 let c = a + Gb, 

5 Println! 437)", 627 77 "hello world” 
6 ) 


Tal ID UTStoool TTT TG 
[]j&String[][H EL String[HHtnrnmpaddr dp pa estre OO 
3-oƏHHHHHUHUEEEEEEEEELEELELLL String 0000D Deret) 
Target=strJUUUUU3-59 000000000 

00003-25290 String! |[]Deref] |larget- str| | 


1 impl ops::Deref for String { 

2 type Target = str; 

3. fn deref(&self) -> &str { 

1 unsafe { Str:s:from utt8 unchecked (4selt..vec)] | 
2 ) 

6 } 


HU&stringfQUUUUUUUUU &strQQ0uu3-5 8 QUUUUUUUUUS tring 
LLLLLLLULLLLELELELLELDereflillfTVeclTTTLLLLDerefTilİLİLİLLDLLS- 
OOLİLİBoxlTTTTİRcİTTİİATcİTTİETLEDereflilİLİLULLLLULLİ 0 

HLULL3-601 TVeci TTTTLMDeref 

I, Ln FOGS: 81132144 


2. perlitin esen. 2101027 
— ) 
4 fn main() { 
5 let v = vec! [1,2,3]; 
6. foo (&v) 
7 ) 


HUUUU3-6 0L E Eo o ETE THIDILIC CET İELUELLToolİSevtiliNİİLSeviiiLiL 
&Vec[TTDHDDBOD DEDUCI UE Vect TEE UD D eret] Target ET IO 


&Vec[]III I LIS Ofo oNu 
LİLİLİLİLİLİ 


TOO OOOH AOA 3-61 HBERe YOUU 
Deref]000000000000 
00003-610Rc0000Deref 
1 use Std::rc::Rc; 
2 fn main() { 
de let x € Rc::new("hello"); 
4 Princ Ss Seha) iy 
5 


) 


000003-610000x0Rcl]xstr(10000000000chars(0000000000 
OOODOODO0ORCUTOOO0ODeretl[Targetf/T000000000000000000000 
LİLİLİLİTLİRcİ İİİLİTİİLİLİ 


III 


0000000000000 Deref inii dbi 3-6 L00URc 
0000chars(]001000000000000000000000000000000000000000 
LİLTTİLİLİLİLİİLİLİLİLİTLİLİLİLİLİULİ D00000s-e2000 


00003-62000000000 


1. use Sta; tec. RO; 

2 fn main() ( 

3. let x = Rc::new ("hello"); 

4 x.clone(), // Rce«&str» 
2 ("CO elemeli; 11. Sate 


let y 


let z 
6. ) 


CO 3-6210cl0ne IO RcOSstr jp Ed D b ETE ETR GTI 
clone[JDODODEReTD&str Tim eltener jp db dp BET LILILILI I II I! 

LL Em atc hb TİL İLİİLİLİLİLİLLİLİLİİİİS-6 3000 

00003-63[ match ITT 


fn main() { 
let X= '"helto".to Stringi); 
match ax | 
"hello" => {println! ("hello") }, 
== dé 


ci UU A 0) N "ka 


7. ) 


10000S3-6500000000000000000£sStringl]0000£kstrJ0U000 
(OTTO 


: match x.deref ILILILILIILderefiTliLilLiHuse std] onseren 


- match x.as refil II LHString11LliLiLilas ref HHH SisirliLİLLM 
HLULLLAS Ref trait] iL 


- match x.borrovvlil HELM borrovTuM Borrow trat OQ 0000 
AsRef000000use std[][]borrow|]|]Borrow || 


- match&*x (110°000 TTT UStonol let ITU TİL” LLL 
Gstr| ] 


-match&x[..] IL String IL indexI iae ran 


LİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİ Rust İİ İLİ İLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİ 
LİLİLİLİTİLİLİTİ İTİLİİLİLİLİ İLİYİ? 


3.9.2 asi İL. 


as UI Rust (IIIe [IILI IILI IL! 
HUUU Dash DUU -6 4 TTE] 


LUCIDE -6 ACTETEEIDEITIa s DETETEIUIDE] 


1 tn maint 

2: let a € 1u32; 

SR let b = a as u64; 
4 let c = 3u64,) 

> let d = c as u32; 
6 


100053-64000us2[]u64(110100000000000000000asO00000000 
LİLİLİL İLİ İL İL İL İLİLİL İİ İT İL İT İLİLİLİLİİ İT İİ İLİTİLİLİİ İT İLİ İTİLİLİLİL OL 
0003-6000 

00003-65043200000u 1 600000000 


fn main() { 


b 


2 let a = std::u32::MAX, // 4294967295 
3: let b = a as ule; 

4. assert. eq! (D; 65535); 

3. let e = -1132; 

6. let f =e as u32; 

7. prinulni(”1271” cabir JI 1 

8. printlni("[:9)'". DE Jy 4294967295 
9. 


) 


Q00003-es0000a0000u3280000000000u 1 6000000000000A 
016000000u160000000000000000000000000000000000000000 
LİLİLİLİLİLİLİLİİ İ1LTTasi İTİL 

LİLİLİLİTİLİLİİL. 


10000000trait000000000000000005-66000000000000 Has 
ULULULUULLULL 


LIC LIS -e er Deb p tratt 0000000000 


lis BAZEL S (LIZ) E 

e trait A ( 

3; fn test (&self, i: 132); 
4. ) 

5. trtait B + 

6. In test (seli, ài: 1982); 
Ts ) 

8. el A tors | 

9. fn test(&self, 1: 132) ( 
L Q; princin! (“Brom A: 1327”, 2; 
14; } 

12. } 

l3. DL B BE S f 

14. fn test(&self, 1: 132) ( 
LA, printlna! ("Prom Bi Li" rely? 
16. ) 

LX. 3 

18 In main) | 

19. let s = S(1), 

20. A::test(&s, 1); 

CND Bi CESE tes, 10 

Aa «D as Asbest lec, 4); 
2 aS as Bet gtest (és, L)? 
24. } 


000003-6600000SO00DADBLIItrait[]1000000000test0 00000 
010000000000000000 

- 0000000005-66[111200021000000trait00O00000OAHItest 
000BOOtest]O00 

: 0000000as00000S as Al test] Il as BL test II 

01000000000000000 [] Fully Qualified Syntax for 
Disambiguation [[11100000000000000000 HUFCS 0000000 
000000000000000000s00000000test0000000000000000000S 


as AlifTtestfllİ İTTİLİLİLİLİLİLİLİLİLİLİİLİSLİLİLİİLİLAI test IILI IILI 
LİSİİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİtraiti III 


ULULULULLL 


oa 0000 TiLİTTİRusti UU 
0000000000000000 LIL LS static str İTİİİSİTa str (100000000 
100000000000a Tlistatic TİTİTLLİLLLİİLLİLa 0000000 Sestr VIII 
Lilistatici İLİLİTLİLİİLLLİİS-stri İTİLİLİLİİLİLİİİasl ICT LIS[Istatic str 
Lerma str000000003-67000 


LUCIDE -6 7E EID s Nu nunun 


fn main() { 
let a: &'static str = "hello"; // &'static str 
let b: &str = a as 6str, // &str 
let ©; $”static str = b as d state sir; /7 Statice str 


) 
ULULL3-6 7L LIED HIEILJ'a s DULL & []statie stella stri HOHO 
3.5.3 Fromjlinto 


CI x (9 ND mL 


From (Into [|]00std[]Oconvert(]0000Ctrait00000 from | 
into [111000000000000000005-63000000trait000000 
LILILILI3-68/ From] Into VIII 
d pub trait FromeT” d 
fn from(T) -> Self, 
) 
pub trait InCo€T” 4 
fn into(self) -> T; 
) 


LİLİLİTLİLİLİLİLF romlTULİLLELLETTİMİromiTuTİLİİLTTİLLLLLU 
LlulTULİLLİULİLLİLLLİ5-69fiH15tringTiilliromfİfTi 


00003-69[ String! |[]0fromf || 


Cy UT ji CO N 


fn main()( 
let string = "hello".to string(); 
let other string = String::from("hello"); 


assert eq! (string, other string); 


ne EN PR 


} 
DODO THO En te E JULI IILI I Llintol TTT 
00053-700000000StringillOintol]000000 
00003-70000intol]000000 


d # [derive (Debug) ] 

2 struct Person{ name: String } 

3 impl Person { 

4 fn new<T: Into<String>> (name: T) -> Person ( 
D. Person (name: name.into() } 

6 ) 

7 } 

8 fn main() { 

9, let person = Person::nev("Alex"), 

LO: let person = Person::nev("Alex".to string) ) 3 
ME prlntini("427)". person); 

Lz. | 


LİLILİİ15- 7011411Tnevvlll İT İLİLİLİLİLİLİLİLİİLİLLİİLİLİSstrlililiStringti 
1000000000000ntof]stringil0000000000Ointol000000000A 
LiLiSstrllStringTiliLiLiLillintoliLİİİiİİSestrTiLİLİİİİİTİİintolilifiSiringli 
HUOO Stringi III IILI III 


00Into]000000000000U000From!!T0007000000into0000 
HUUU O0000Rust0000000000000000000S-7 1000 


10003-7 10000000From[!T0000TOOintof JUT | 


impl<T, U> Into<U> for T where U: From<T> 


00003-7 20Ustring&str WITT OTT 
LLIT113-7 2TilllilillintolTllSstrililliliStringİTi 


1 fn main () í 

2 let a = "hello", 

S let b: String € a.into(); 
4 ) 


stringl1ULLLMFTroml ësst III otol lé sti lSatrmngl 0 
3-1 0000000 Fromijlintolji il] 


.“—— Ton ILI 


xy wa 


; 





13-1011Fromlilntolill 

HUOO From TİTİTFromlİTİİTİTİTİLLİİİntoT) 

0000000000TryFron İTTryinto |]]trait]]]JFrom Toto" 
0000000000000000000000000000000000000000 TryFrom || 
TryInto ULLTryFrom [TryInto 0000000000000Nighty0000 
UO 

00000000000 AsRef JAsMut [][]trait[ UI 
0000AsRef]00000000Borrow trait TİTTLİİLLMASReff III 
LEELLULLELLLTTTBorrovv traitiiI II IILI LI IILI IILI IILI I 
LİLİİLİTTİTİTTİTİL 


3.6 [][]trait] III 


O0000trait nun nunu nn UU 
* LİLİLİLİLİLİLİLİLİ 


* LİLİLİLİLİLİLİLİLİLİ 
* LİLİLİLİLİLİLİLİLİLİL? 
HEH 


3.6.1 10000000 


LİLİLİLİLİLİLİLİ LİLİT trat İLİLİTİLİLİLİİLİLİLİLİLİLİLİLİ 


UL Tera itp UHT eau! HUUU 
CCC ena TTtitraitl TO. 3000 
00003-7300000T08[ ja IN Bar trait 


l.  AIMBLET:<FOO> Bar for T 4 | 
2. Ampl«'a,TzBar Bar for s'a T | | 


LİLİLİLİLLicratelf QUUUUUUUUUUUUUOUUUUUUN ew Ty pe ITT 
LİLİLİLİL İLİLİLİ İTLİ İLİ İLİLİLİL İL İLİ İTLİİLİ 


UU OUR THO pte ET TANO 
LİLİLİLİLİLİTİLİLİLİLİİLİLİLİ9- 7 41 TİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLULİLİLİLİLLİ 


00003-74[]Option[|T1000000000000 


use std::ops::Add,) 
t [derive (PartialEg) | 
erruct Intirs); 
impl Add«i32» for Int ( 
type Output = 132; 
fn ada(self, other: 132) - Self::Output i 
(self.0) + other 


00 $ O) O1 SP (2 NY PR 


) 
} 
// ampi Add<i.32> Tor OUption<iInt> | 
m // TODO 
PF | 
impl Ada<is2> for Box<Int> | 
type Output = 132; 
tn addí(selr, other: 132) => Self: Output | 
(self.0) + other 


WO 


PrP RR PP P> 
O) O vs (Q) N F. o 


L T, ) 

LƏ J 

19. Tn main() i 

20, assert. eq! (TAt13) + 3, 6)! 

Ad assert eq! (BOX: tnéew(Tnt(3)) + 3, 6); 
AA 


00003-7400000000000Int0JO0O00OO0Add traftllAdd Grad IT 
LİLİLİLİLİLİLİİnti QUO 

0000 Option Inti D Add KIOO ooo TO 
0001 20000 

HO Box o İTTAddi TİLİİİLİİLLİEİLLELLLİZ 00002 10000000 
LİLİLİLİLİLİLİLİL. 

(ITT Bozi THO Rust İLİLİLİLİLİLİİLİLİLİLİİLİLİLİLİİİTİİ15- AO 
crate[]Box[ nti LIL IILI erat IILI IILI IILI eo rate Il 
LİLİLİLİLLİİLİİBoxl İ1İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLLieratel E TEJCIETOCTLTLOL] 

100BoxlLIOOÖUOUOUUODOUODUUOUOOOOD Rust UUODDDUUI 
[fundamental] [T1 Y IBoxITTUI IILI IILI IS- 75 I 


LILIILI3-7 59 Bozi JHI II LIL 
Ls # [fundamental] 
Zi pub struct Box<T: ?Sized>(Unigue<T>) ; 


UNU 3-75 000 Bozi TA NUNUA 
[fundamental] [11000000000000000Box[!1000°00*00000000 
HU 

00 Box [TO 000 Fn O Fn Mut [| FnOnce |] Sized [00000 
[fundamental] TTT Tea! TU 
LİLİLİLİLİLİLİL İL İL İLİ TLİ İLİLİİL İL İLİ İLİ LL 


3.6.2 100000000 


0000000Rust 000000000000000Overlapi]00 0000000000 
O00000000DEtraitJ00000000000000S-76000 


10003-7600000000 


iL. ImpL<T>- Anyitait Tor T fej 
Ze impl«T» AnyTrait for T where T: Copy |...) 
3. impl<T> AnyTrait for i32 (.) 


Q000s-7600000000000Any Trait] 
: İTİLİLİLİLİLİLİLİLİLİLİLİ 


: T where THUCopyliiltraftl IILI TITI II Copy UT DUCI 
LİLİLİLİLİLİ 


“132000000000 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİ ECIEICELICep y Ta Copy 032000 
0000000000000000 trait (000 Rust (0000000Blanket Impl|] 
LI 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLitratdi un un OOOO OOO 
OUT 


UI 
UI 
HUUU 7000 


00003-77000000T00AddAssign 


im impl«R, T: Add<R> + Clone» AddAssign<R> for T { 


SCH fn add assign(&mut self, rhs: R) { 
3: let tmp = self.clone() + rhs; 
4. “self = tmp; 


000003-770000000T000AddAssignl |[traitf[]add assign[] 
00+=0000000000000000000000000000000000000000elonef] 
0Oclone(00000000000000000000000clone[]000000000000000 
0000clone (00000000add assign(]00000000000000000000000 
000000000000000AddAssign[] 

000005-7700000000000000000000 000000000000000000 
000000000 T 0000000000 clone (O000OOOAddAssign[ 10000000 
0000000000000add assign(10000000000000000000000000000 
10000000000000000000000000 0 

0000000000000000Rust 00000 USpecialization 0000000 
00000impl00000000impl(0) 000000000000000000Nightly000 
Rust] HELL] featuref]specialization! |l ODO 

trait [00000000000000S-78000 

00003-7 Strait nnam bn 


1. #![feature (specialization) | 

2. struct Diver<T> | 

S inner: T, 

4. ) 

5. trait Swimmer { 

6. fn swim(&self) { 

A println! ("swimming") 

8. } 

9 | 

10. impl<T> Swimmer for Diver<T> {} 

11. impl Swimmer for Diver<&'static str? { 
LS fn swim(&self) { 

1.2: println! ("drowning, help!") 

14. } 

15. ) 

16. fn main() { 

17. let x = Diver::<&'static str? { inner: "Bob" |); 
18. x.swim(); // drowning, help! 

19. let y = Diver::<String> { inner: String::from("Alice") }; 
20. y.svim()? // swimming 

le ] 


00000 3-76 DODD0O0000000 Diver TO 000000000000 
Swimmer trait 1ILLDiverlfTHLMULUtraitHiUL1091ULULU 

LLLTNLUTSLULDiverllSlistatic str[]000Swimmer]/[] 

LiLiLimainil III DiverTlilliSıListatic str[|[Diver[]|][|String|] 
sw! VIII 


uuuuuuuuuULuULULULEULEULEULULDiverlilstringi” UL " L] 
DiverlİİiT111İUULLULLDiverlİiiSlistatic str ITU wm! UU 


LİLİİİL13- 7 öTiLilltraftl TTT DIETE Tera e TTT OUT 
000000003-79000 


00003-79 traitt 00000000000 


1. // ARARE 

2 trait Svimmer ( 

3 fn swim(&self); 

4 ) 

o. impl<T> Swimmer for Diver<T> ( 
6 default fn swim(&self) { 

7 println! ("swimming") 

8 } 

9 

1 


; ) 
0. //EH RR 


10003-790000003-75000000000SwimmerlJ000000000000 
Divert)I00Swimmerfl0000000swimll000000000O0 default [IL 
0100000S-7800000000000 

0000 default 000000000000 imp! DEDBBUBBBUBULL 
default HINDI 
default 111000000000000000 

LİLİLİLİLİLİ İLİ LL İLİLİLİLİLİLİLİLİLİLİLİLİLİULLRusüt UU 
LİLİLİLİL İLİLİL İLİ İLİ İİİ İİ İLİ İLİ LİLİT İLİ İLİ İLİ LL 


3.6.3 UNUNU 


HUDU Rust 000 OOO00OO0OOÖOOODOOOOOOOOOOOOOÖOOOOO00A 
10000000000000000000000 DETİLİİLİİLİstdTlioliLİLines 000000 
OOOOOOOOOOOOOOOOOOOOO0O000OOOString WOOO 
HUUU UU ohoo 


LİLİLİLİİ İLİLİİ İLİ İLİLİT İLİ İLİLİL İL İLİLİL İİ İLİ İLİ İLİLİT İLİ LİLİT İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİLİLİLİLİ LİLLİ Rust İ İİİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİ 
LİLİLİLİLİLİ 


LİLİLİLİTİTİTİL İT İTİL İTİL İTLİ LİLİT İİİ İİİ İİ İLİ İTLİ İLİ İLİ İTİTİTİLİTİİ 
0000000000000000000000000000000000000 HGeneric 
Associated TypellGAT || [3] 0000003-50000 


00003-80000GAT trait 00010 


Ir trait Streaminglterator { 


ya type Item<'a>; 
3. fn next<'a>(&'a mut self) -> Option<Self::Item<'a>>; 
4. ) 


LİLİTİLİLİLİLİ 3-60 (DDT Steeaminglterator İLİİLİİTİLİTİLİLİİ 
LİLİLİLİLİLİLİ temi Toto (UUCHT 


ULLUUEULUsidliLliol(inesliliMiStreamingTteratorlİULLULLULULU 
10000000000000000000000000000000 

Item! Tal VII 000Vecl]100000000000000000000000 
0000000 Vec[li320 0000 GAT (OOO ACT [] Associated type 
constructor ||| | ILI) Lİ 


10000000 GAT DUDU AT [IILI IILI 
LİLİLİLİLİLİİLRusti İ III! 


3.7 DL 


DEED p Rust nunun nunu nu unu nyan 
(UTC EIER us QC TC TETTE uu Rust İTİLİLİİİLİTİTİLİLİLİ 
000000000000Rust00000000000000 UMental Model [100000 
URust TİLLİ İLİ 


Rust] JE CEDE LİLİT İİLİLİLİLİLİL LİLİT İİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİ” DUT "00000000 Rusi İLİLİLİLİLİLİLİLİLİL” OUT "000000 
LİLİLİLİLİLİLİLİLİLİLİLİİLİLİRusil ITT 


Rust III ELLİT” DU trait Rust Ad-hoc UUULtrait 
LLILILILILI IILI IU IILI L Ltrait 10000000000000000000000 
00000000000000000000000 trait 000 imp! TratO0000000000 
OO 


10000000 Rust 400000000000000000000000000000000000 
010000000000000000000000000000000000000000Rust000000 
LİLİLİTİLİTİL İTİTiLillasl 0000 00000000000000000000000000000 0 
AsRelT]From/Intof[]0Otrait0000000000 





[1] 0000000000000000000000 Rust 000000000000000000 


[21 C0000memcpy11100000000000000000» 0000000000000000000000000000000000000 


[3] [J/RFC[]https[]//github.com/rust-lang/rfcs/blob/master/text/1598- 
generic associated types.md|| 


140) 0000 


LİLİLİLİİ İLİLİL İLİ İLİLİTİ İİLİLTTLİTİLİ 


LİLİLİLİİ İLİLİİ İİ İLİLİLİL İLİLİLİL İİ İLİLİ İİİ İLİT İLİ İLİLİT UH İLİLİLİLİLİLİLİLİLİLİL. 
LİLİLİLİL İLİLİLİİ İLİ İLİLİL LL İLİ LİLİT İTİ İT İLİ GU GU 
10000000 0malloc[]iree000000000DOOCOOOODOOOODODOUDOGC 
[Garbage Collection1]1010010000000000000000000000000000 
OOjaval]COO0Rubyl]Pythonl]00000GC000000000 


TUTE ol 
LİLİLİC/C + + HDpbm m DBIBIDETTD DUBIO BIDIDL DC BICI AAA 
00000000000000000000000Dangling Pointer bib blu 
LİLİLİL İLİ İLİLİİ LİL İT İLİLİİ İT İL İLİLİLİL İTİ İTİTİLİL İT İLİLİLİLİL İT İLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İLİLİL İLİLİLİLİLİİ İLİ? 


GC DUDU 
LİLİLİLİLİLİLİLİİ 11 TLİ İL İT İL İLİL İLİLİLİLİİ LL İİİ İL İL DDD OA 
GC DICHTUNG. QUUUUUL 
LİLT Dp dec UDO TİL” DUDU 
LİLİLİLİLİLİİ 


LİLİLİLİLİİ TİL İL İT İL İT İLİLİLİLİLİİ Tİ TT İ İT İLİLİLİLİLİLİLİL İİ T TT İİ İLİLİLİLİLİLİL IC TC TL TEILT 
CHC + x B pg p UU Ua 
Java[]Python Rubya OOOH ooo 
HH 


UU UU UU 000000006 CHAU 
O00000000000000000000000000000000 Oe Tİ İLİTİLİLİLİLİLİLİLİLİ 
UU Rus İLİLİ İLİ İLİLİİ IILI LI IILI Rust pul 


4.1 1000 


LİLİLİLİİ İLİLİİ İL İF LL KL KL İLİLİLİLİL İL İTİLİLİLİLİLİLİLİLİL. 
LİLİLİL İL İİ İLİLİİ İİİ İİLİLİİ İT İLİLİLİLİL İL İL İLİİLİL İT İLİ LİLİT İL İLİLİLİLİL İTİL İLİLİT İLİ İTİLİLİLİ 


LİLİLİLİL İF İLİLİİ İİİ İLİLİLİİ İİ İİLİLİLİL İTİL İLİLİLİL İT İLİLİLİLİL İT İLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
OOOOU O 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİL İİ İLİLİ İİİ İLİT İLİ İLİLİT İLİLİLİLİL İL İTİLİİLİLİLİLİLİİL. 
LİLİLİLİL İİ İLİLİL İİ İLİ LİLİT İİ İLİLİL İL İL İLİLİLİL İT İLİ TOEIC TC ICT ILLIC TC TCI JL TC TC ICT JL TEIL] 
1000000000000000000000 00000 Q0000003010 uamuzi 000020 
2 Windows HOHO Linus 400032 000000000000 46B00UUUL 
0x00000000]]0xFFFFFFFFOOOOODOOOOOODOOOÖOOOÖOODOOOOUU 
000004-1000 


gü Hy te lib [8] 


Hi | mma EE : 
«Ji 3GBRIP Sa 





114-111LinuxlILILILULİLLİLİLLİİLİLİ 


L14-111LinuxlİİTİİTİTİLİLİLİLİLİLİLİLLLLLLEULLLİLİLİ Ustack 000 
heap (000000000000000000000000000000000000000000000 


00000 Lİ 0000000000000000000000000000000000000000000 
OO 


4.1.1 [| 


OOstack[]0000000000000000000000000000000000000000 
LİLİTLİLİLİLİTLİİLİ 

000000000000000000004-2000000000000000000000000A 
[III II 


[14-20000000000000000000 O0000000000 OUUUUUUUUUL 
[push 000000000000 Upep 000000000000000000000000000 
LULLUULULTFOHLast in First Out HO | 


AA (push) 





14-200000 


A AS P U QU 
LİLİLİL İL İLİ IILI II İLTİL İL İL İLİLİLİLİLİL İİ İTİ İT İL İLİLİLİLİLİL İİ İT İT İLİLİYİLİLİLİLİİ? 
İİ 14-3II I 


RE ELA [8] 


{FES hr 





U4-3U000000 


LİLİLİLİLİLİLİLİLİE S PAHALA 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİE S Poo 


LİLİLİLİLİLİLTİLİLİLİE S POLO 

LİLİLİL İL İL İL İLİLİİ İT İL İL İLİLİL İT İLİLİLİLİT İLİ İTİLİLİT İLİ İ TİTİLİLİİ İTİ İ LL 
0000000 UStack Frame []1[14-400000000000000 HActivate 
Record IİİTTİTTİTİTİLTİLLİN 00000000000000000000 


SEN 





04-4000000 
LİLİLİLİLİLİL İLİ LİLİT İL 
* LİLİLİLİLİLİLİLİLİLİL? 
“ LİLİLİLİ LİLİLİLİL İLİ İLİ İL İLİ İLİLİLİLİL İİ İTİLİ İLİTİLİLİLİL. 
 LİLİLİLİLİLİLİ 


EBPOQOD000 Frame Pointer [(1110000000000000000ESP 
LİLİLİTİLİİLİE BPİ TT İLİLİ İLİ İLİLİLİLİE. BİLİ İLİTİLİLİLİLİLİLİLİLİLİLİLİULİİLİLİ 
LİLİTİLİLİLİ EBP 000 ESP O000000000000000000000 L 

LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İLİLİLİL İİ İLİLİ UO OOO İLİ İLİLİİ İLİ LİLİT OO OOO OK OOO 
LİLİLİLİL İLİLİL İİ İİİLİİ İLİ İLİ İİİ İLİ İLİLİLİLİLİ İİLİT İLİLİLİLİL İİ İLİLİ İLİ. L 

LİLİLİLİİTİİLİLİLİLİLİLİLİLİLİLİİİİ 7 UTC 
foo ]E main (IILI IL L ix ly[ SITT 

00004-1 0000000000000 


OND OT is WY P> 
Hh 
- 
3 
0) 
H- 
— 


00004-100main [IIJ IILI IILI maini Haaa 
foo II main İİ HAO ooo PI I IILILI xL III 
LİEBP-ATTTİLLİİLLLLİLİ 


000 foo DUDU PC 00000000000000000000 
LILlfoolTLİLİLİLİİLİLİLİLİLİLİİLİLLİLİLİLİmainl UE BPTİLLİLİİxTİLLİİİLİyLiz 
00000EBP0000000000000000000000too]O000000DEBP-4[]EBP- 
S]EBP-121000000000000tfoo]0000000000000000000000000 
main[ |10EBPUOOOO0OOmainl0000000000000000000 main] 
010000000000004-5000 


VA FB fooph BI V HifoopA BUG 





114-SO000000000 


000000000mainf toof]00000ESP000000000000000000000 
[[žtoo[]0000000ESPO000000000000000000000000000000000000 
UU TİLİLİLİL İL İLİLİLİİ İT İT İLİ İLİLİLİLİİ İİ İTİ İL İLİLİLİLİLİİ İT İT İL İTİTİLİLİLİİ İT İTİL İL İTİLİLİLİLİİ? 
LİLİLİLİL İF İLİLİİ TİL İT İLİLİİ İT İL İLİLİLİL İTİL İTİİLİL İT İLİ İLİLİT İL İLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
OOL 


LİLİLİLİLİLİ İLİLİLİLİLİ İLİLİLİLİLİTLİLİLİRusiİ III IILI III II 
4.1.2 [] 


000000 O0heap0000000000000000000000000000 


LİLİLİLİİ İLİLİİ İLİ İLİLİL İL İLİLİLİL İL İLİLİL İİİ İLİ İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİL İL İİ İLİLİLİL İL İLİLİ İLİ İTİLİL İTLİ TİLİLİL İLİ İİİ İLİLİLİLİLİLİYİLİ EİTİTİLİL İLİLİLİLİLİTİL. 
LİLİLİLİL İLİLİL İL İİ İLİ İİİ ODO İL İLİ İLİ İLİLİLİLİLİLİLİLİ DU 


LİLİLİLİİ İLİLİİ İLİ İLİLİTİL İL İLİLİL İL İLİLİ İTLİ İLİ İLİ İLİLİT İLİTİLİLİL İLİTİLİLİT İLİLİLİLİLİL. 
LİLİLİLİL İİ İLİLİİ İİ İL İLİLİL İT İLİ İLİLİL İTİL İT İTİLİL İT İLİ İLİLİT İL İLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İF İLİLİL TİL İLİLİLİL İİ İLİ İLİLİL İTİL İT İTİLİL İT İLİ İİLİT İL İLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
[III III III 


0C0000000000000malloc(1000000000000free00000000 
C++100000000newtl deletel]0000GC00000000GCO00O000000000 


100000000000000000000000000000000000000000000000 
1000000000000000000000000000000000000000000000000 00 
10000000000000000000000000000000000000000000000000 0 
0000Bertrand Meyer (2! 0000“00000000000000000000000” 

00000000000000mallocf]000000000000000000000000000 
UUCHT 
[Free List (010000 (Bitmap |] 

100000000000000000000000000000000000000000000000 
1000000000000000000000000000000000000000000000000 00 
LİLİLİTİLİTİT İTİ İLİ Tİ İLİ İTİTİTİTİLİİ 

100000000000000000000000000000000000000000000000 
000000000000000000000000000000000000 10000000000000 


1000000 OOOO DO DEBIDO ICT EIE D EIE DD nunun nunun 
III 


OTTO 
000000 malloc 00000 free 000000000memory allocatorl[|[|[ |[ 
glibc[]00000ptmallac2[]00FreeBSDfI II jemalloc[]00000000000 
00000000000000000000000000000000000000000000600°00°0 
0000000000002048 KBOOÖ000000000000000000000000 


Rust000000000000000alloc system [jalloc jemalloc TI 
Rust 2015 (0000000000000000 0 alloc jemalloc[]000000000 
jemalloc[)000000000000000Dalloc system[ | (Rust 2018 TİL 
000000alloc system(]000000000000Jemalloc[]000000000 

JemallocQQU000000 

“ LIL II IU] 

000000 

DADO 

* LİLİLİLİTİLİTTİ 

Jemalloc (0000000000000000000000000000 chunkQQU0Uu 
00000000000000000 brk 0 mmapl]000000000000000000000 
LILILILILILILILILItcachellliliHarenaf TTİLLLsystem memory III 
0000000000000000000 tcachelltcache (1000000000000000000 
0000000000000tcachef|Oarenal]0000000000tcachef0O0Oarena 
UUUUUarena( | 1000000000000000000000000000000000000000 
IILI III III arena [j II IILI III III) Toma UO OTT 
10000000 

100000000000000000000000000000000000000000000000 
1000000000000000000000000000000000000000000000000 00 
000000 Rust 000000000000 


4.1.3 0000 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ UUUUUUUUUUUUUUUUUUUUUUUCP U OOOULU 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİ TİL İLİLİİ İLİTİLİLİLİLİTİLİİ? 


PUTTE L JLILILILILILILILILILILILILI 0000321 
CPUTLİLİLİİƏ 200000400 III II OU 06 E 
CPULLS2UCPUTLLEL 


L321CPUTLUUCPUTLİİLLİLİLİLLİLİLALILILILİLİLİLİLİLİİLİALILILLILILI 
RRE 

LİLİLİLİLİLİLİLİ LİLİT İLL İLİ UO 0x5 
00x7 DIOU PU UTC 0x1 HÖxXSLİİLLLİLİLİLİLİ 
LİLİLİLİLİLİLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİ14-6TİİCPU KUTUO 
LİLİTİLİLİLİLİTİLİLİ CPU OOOOOOOOOOOOOOOWUUWUDU 


0x1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 





114-611CPULİLLİİLİİALİLLİLLİLİ 


OUT HUUU ZO PUL 
0100000400000004-7O00CPUOOOOOODU 


Ox 


1 0x2 0x3 0x4 0x5 0x6 0x7 0x8 0x9 





114- 7HCPULLULULLLLİ 


LİLİLİLİLİLİ İLİLİLİLİLİ DIEI DEED CIE] COO V MH İTİLİLLİLİLİ 
LİLİLİLİL İLİLİL İİ İLİ İLİ İLİ İİİ İLİ İLİ DO OOOO ODO İLİ LİL 


LİLİL İLİ DD İLİ İLİLİ İLİ LİLİT İL İLİLİ TİL İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
100000000000 O0ORustl]us20100400000000000040000000000 
LİLİLİLİ İLİLİ İİ İLİLİ TLİ İLİ LL LL 


LİLİLİLİLİLİLİLİN ON =1020400501600000000000 Len] Max 
ULen İLİLİİİLİLİLİLİLİLİLİLİİ İİ TİLİİLİLİLİİTİTİN D00Max[ [Len TU 
HU 


: LILILİLILİLLİLİLLİLİMaxİlLenl ll 


` OOOH MinfiNİlLenl II 
LİLİLİLİ İLİLİL İİİ LİLİT İİİ İLİ TLİ İLİLİLİLİTİLİİTİL. 


` LİLİLİLİLİLİLİLİLLİMinT INT]IM ax ]Een TU 
DDD III III İLİ LL LL 


LİTTLTİİİTA- ZTİLTİRustl 0000000 
LODEAR- 2L] E Rust TİLTİLLİİLİLİLİİİLİLİLİLİİLİ 


Ls struct A | 

Za a: u8, 

25 b? 132, 

4. ef Wis, 

de of 

6. İn main() { 

(> println!("(:?)", std::mem::size of::<A>()); // 8 
8. | 


UU Zeta mea İ isize o ATI IILI AD 
EDEICIEDEIEICIE]u SC] T 0000u32040000u 1 60200000004 0000000000 
LİLİTİLİLİLİLİTİLİLİLİ4-SİTİLİ 


ATT Bi ZA A rekt 


LT TİLLİ ven 


a b C 


ATT 2 Ims SS PX ABS TR JS 


LI LILI ILI LI 


a b 





114-STİLİLLALILILİLİLİLİLLİLLİLL 


L14:-STİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİ Ə LİLİLİLİLİLİLİLİLİLİLLİLİLİHALILT7LLİLL 
00004-20000400000000000000d0000000000d00000A00D00000 
01140000000000a000000000Min04010001000a0000000000 
010004-8000x10000000a000020000006000000000c000000000 
OOOOOOODA00000a0b0c000030000000Minl]404000004000000 
Ucha Shaa 


ILIILIUnion[I( IILI II III ondo O nunun ununun 
LİLİLİLİL İL İLİLİİ İİİ İLİLİLİİ İİ İLİ İLİLİL İT İL İLİİLİL İT İL İLİLİLİT İLİLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 


4-S3HLLİRusti HUDU 
10004-30Rust 0000000 


1. union U | 

2. Els 0325 

3; EZ 57) 

4. f3: £64 

25 1 

6. İn main() ( 

1; printlanl("[:2)", std meni telge OF ss) Fs 779 
oe 7 


000004-Ss00f1 112 004000043 Deni ni tS mm D DE U 080 
001 1 £2pftSp0000s0000000 


4.2 Rust! III 


OHORO OO OO OO OOO OOO LI JLI HAHAHA Rusi HAHAHA 
HEIEIC/C EF -HULUULUURustUUULMULUUMUELmalloc/nevlifree/delete 
0100000000000000Rust 00000000000000000000000000000000 
Rust 10000000 000000000000000000000 


4.2.1 00000 


[12000000000000000 00000 00000000000 00000 0000000 
LİLİTİTİLİTİİİİ 


0000 const (ITT TF BT] 
LİLİLİLİL İİ İLİLİİ İİİ İLİLİLİİ İT İİLİLİLİL İTİL İTİTİLİL İT İLİ İLİLİL İLİLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
ULULULULLL 

000000 static (11000000000000000000000000000000000 
LİLİLİLİL ODO LL İLİLİLİLİLİ İT İLİ İLİLİLİLİL İT İİLİL LL 

LİLİLİL İLİ İL İİ ODO İF İLİLİLİİ İT İLİ İTİLİLİİ İLİ TOL TC IC HUUU 
HUNLLUNU UN Lu nn Rusi 000000 
LİLİLİLİLİLİLİLİ İİLTİL. 


LİLİLİLİLİLİLİLİLİLİLİİ? 


000000000000000000000 000C/C ++00000000000000000 
OOOOO0Rust0O0000O0OO0O0O0O0O0O0OO00000000004-+000 


10004-4000000000 


d fn main() { 
2 let KE 1325 
>, Princa! 913°, XI? 
4 } 
010004-4000000000 
error: use of possibly uninitialized variable: x. 
OrINECLO LEA II, x; 


Rust İT İLİ İLİ LİLİLİLİLİLİLİLİLİİLİLİLİİLİLİLİA-41Tixlililimainl UUL 
LİLİLİLİLİLİLİLİLİLİL İİ UU On Rust VT 
OOL 


DO BOO İLİLİLİLİLİLİLİLİ 
Rust(l000000000000000000004-2000:100000000000 
00004-2(0:t00000000 


ei fn main() { 

23 let t 1327 

S if true { 

4. x = 1; 

an | else 

Ga x = 2, 

pn ) 

B. prıncini (mi e SE 


LO 


) 


000004-50011001000000000x000000000000000000000elsel 
LİLİLİLİLİLİLİLİ İLİ. 


error: use of possibly uninitialized variable: x. 


Printin (ire 392 


0000000000000x00000000000000000000e!se0000000000 
00000000000i000000printin(0000000x000000000000002000 
0000000000000000000100000000true000000000000000 


0000000 4-selsel]000800printin(10000000000000000000:£ 
010000000000x0000000000x0:0100000000000000000 


LİLİTTİİLTTİTİLİTİİİİ 


00000000000000000000 break (100000000000 4-6 0000 
break j IILI IILI! 


LLİTİ4-6lTiloopilTlTibreakflTi 


b. fn main() { 


Le let Xx 1327 

Da loop { 

4. if true | 

sr x = 2; 

6. break; 

Së ) 

B ) 

9. print "13", 2): /772 
1 


(buet UU Drea kl ITU lloopi IT 
printinQUUUUUUUx000 

LİLİLİLİLİLİL İLİ LİLİT. 

LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİİ- 7 UO OOo 

10004-7000000000 


dis fn main?” 1 

2 let a: Vec<i32> 
— let b: 1132, 0] 
4 ) 


vec! []; 


— 
Ly 
`. 


III III III İLİ III 


error[E0282]: type annotations needed 


LİLİLİLİF İLİLİLİ İİ İLİ İLİLİLİLİL İL İİİ İLİ İLİLİT İLİ İLİ LL 
LİLİLİLİİ İLİLİLİLİLİLİLİTİL. 


LİLİLİLİLİLİLİLİLİLİLİyİİLİLİLİLİLİLİLİLİy ZELİLİİLİLİİE-STİLİLRusil ayo 
LİLİLİLİLİLİLİTİLİİİ 1) 


10004-800000000000000000 
d fn main() ( 
2 let x = 42, 
Sa let y = Box::nev(5), 
4. printin!(*{2p}", yiz 47 UX7LOLL0411006 
5 let x2 = x; 
6 let y2 = y; 
ha /7 eorintinl1"1:0)”, YI 
8. ) 
000004-80000x000000000000000000y000000000Box0d 
newf])0000000000000000y000000y00000000000040printin ETE] 
HUOO EIE A -9 TEE a kn İTTELLLLULLULL4-9LEİ 





[14-90]main(000000000000 


015000000x200000x000x0000000000 0 Copy Droa ET HIDE TET 
100000000000060000000y200000y000y(0BoxlILIOOOOOHOU 
Copy traitl İLİ İLİ İyLİLİLİLİLİLİy 20000y000000000000000000000700 
LİLİLİ İLİLİLİYİİLİLİLİL İT İLİLİL İİ İLİLİLİLİLİİ İL İYLİLİLİLİL LİLİT İLİTİYLİLİLİL İL İLİ İLİTİLİT İLİTİLİ 
OO L 


main İİ Tİ İLİLİLİLİ İLİLİLİLİLİLİ xl İLİLİLİLİL İLİ DECIDE ooo 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİY A NS 
s000000Ereell00000000000000000000000000000000 Bol 
LİLİLİLİLİLİLİİİ y LİLİLİL İLİ İİ İ İLİ İLİLİLİ LL 


LiBoxlİTTİİT İİ İLİLİLİLİLİTİLİLİLİ BIGIDIIEIEIDI Rusi HUUU 
DUTOT Hreel OOOH 


4.2.2 TTILLIHRAHI 


Rust DEED DID DEED DIETO 00000 TİLİLİİLİLİLLİLİİ E] 


DOOO Rust000000000 & []& ou OUT T[]& m ut TOODO 
00000 const Tout T000000 


LİLLİTİTİTİTİTİTİLİTİTİLİTİİLİİ 
- 0000as0000000000 KT as*const TTiSmut T as*mut TO 


0000000 unsafe OUT Rust 0000000000000000000 
LİLİLİLİLİLİLİLİ İLİ. 


RRE 


UUNULsmart pointer İİ bbb pi İLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLULİLİ 
LİLİLİLİLİLİLİLİİ 1 İLİ İL İl İLİLİL İLİLİLİLİİ 1 TİLİLİL İL İLİLİLİLİLİLİLİİ LL 
Deref []Drop [|il]trait[]Deref00000000Dropll0000000000000 
LiLltraitl OUH 
[III III III III 


HSQU00UU0UD erefQO0000000000* HEREDI LL D eret] T | 
00000000000000Stringi]Vec1000100000000000004-2000000000 
(00Deref[]Drop[] 


00004-90Stringi]Vec[]000000000 
lbs rn Maint) | 
2 let s = String::from("hello"), 
3 // let deref s : str = xs, 
4. let v = vec! [1,2,3]; 
5 // let deref v: [u32] = *v; 
6 


String 000 Vec [JLILILILILILILILILILILILILILILILIL TT 
Deretf[jbropDHU p p Dad &-9 dd S DOULTTOEIEISTIDIO CIO 
LİLİTLTİLİİstriİLTİLİTİstriiLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLULİLLİLİLİLİS tring E 
DU Vec DUTOT 
0000000000000005000000v00000000lu321000000000000000 
LİLİLİLİLİLİLİLİL İİİ? 


[main L İLİLİ İLİTLİLİLİLİLİİİsİ İVTİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİLİ 
OUT rop 


Drop f i OO ununu nunu Lan uu uyun 
LİLİLİLİLİLİLİ TİLİLLİLİİLİLİİLİLİLİLİDropi İLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLLULİLLI 
DroplİLTİLTİGCİİLİLELGCLİLLİLİLLİLLGCİİLİLİELELLİİDTopLİTİLLİİLİİL 
LİLİLİLİTİLİLİLİL. 
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HUUUULULUULULUELULRATI [Resource Acquisition Is 
Initialization III RAI HIO + SEIT 
LİİLLRAHITITIILDII 


LLC + FTİLHRAHTLULELLLLEULEULLEULREULLULLULULLLUREULREU 
RATON OD OOO G CO NDOO RA HE GCO NOOO O go RA HOR O ODO 00000 
01000 DODO OOOO OO 00 A O 000000000 UG Cun 
OOOO OOOO OOOO OOOO OOOO 000000 RAT OOO) Rust 00000000 
LİLLİ 

RustlTİTTTİC  FTİTİTLLELLULLLİconstructorf |J00000000000 
TUTEUR TİLE” DB Rust rop 
[|Destructor|]|] 

Drop) hasidi Tops VUE TOTTİ 

LILILII4- 1011DropiTTTT) 


1 #[lang = "drop"] 

2 pub trait Drop { 

Sa fn drop (&mut self), 
4 ) 


000004-10000000Dropd 0000000000000 trat DUU 
LİLİLİLİLİLİ İLİLİ İLİLİLİLİLİLİLİLİİLİLİİLİLTİLİİDropiİ 


000041 100000000Dropd0d0000 
00004-110000000Drop 


J. uso sta: topsa : Drop, 


2 # [derive (Debug) ] 

3 Struc. S UL) 

4 imel Drop for 5 | 

I fn drop (&mut self) { 

6 printin!("drop 1)", selr.0); 
7 ) 

8 ) 

2. En mam) | 

LU, let x = S(1), 

EL ELSE Eh (Terane ES 1771”, St? 
Le. { 

ES, let y = S(2), 

b. prinblnii"erate ys 1:71", vii 
13: println! ("exit inner scope"); 
16. } 

L7. printio! (Yanıt. main"]; 

LS. J 


00004-11000000000S000impl0000S000DroplOOdropl]00 
000000000000000000 main İLİİİLİLİLİLİLİLİİİLİLİLİxLİyLİYLİLİLİİİLİscope 
UU 


000041 1000000000041 2000 
00004-120000000DropA0000 


crate x: S(1) 
Crate vi 512) 
exit inner scope 
drop 2 

exit main 


drop 1 


LILILILILI4-1 1ETBBDXCIODUUUU DO main T İİTİLİTİy İLİLİLİLİLİLİLİLiscope 
0000000000000000000x0y00000000000000drop00000RAHOO 
HOUOQOUUUUOUUUUU0UUUU0 H Scope-Bound Resource 
Management ||SBRM [|] 

0000Drop(0000000000000000000000000dropl00 O 

Rust(10000000000Vecl]String[]File[]00000Drop000000000 
LO VecO Dd 0000 dd dd dd dd String dd dd dd gg gg gg gd 0000000000 
III ite III L LI III Rus I III! 

Hi Valgrind 000000 

LILILIHA- SI Bozi TODO DO O O Odd 0 0d aaa 
0000Valgrind[]00000000000 

00004-134000Boxt]10000000 


Le In Create DOXLk 4 

2 let box3 = Box: :new (3); 

3 } 

4 fn main() { 

Os let boxl = Box::new (1); 

6 { 

r let box2 € Box::new(2); 
8 ) 

9. for | in 0..1 000 { 

10. create box(); 


i ae } 
LZ A 


000004-1 20 Ubos re TT Tlrusrcl IILI IILI Dol 


> rüsic boxura 


LİLİTLİLİLİTLİİLİ 


$ valgrind ./box 


LİLİLİLİLİLİ 


==10323== Memcheck, a memory error detector 
==10323== All heap blocks vere freed -- no leaks are possible 


==10323== ERROR SUMMARY: 0 errors from 0 contexts (suppressed: 0 from 0) 


Valgrind[]1010000000000000000Box[10000000000000000 
LİLİLİLİLİLİLİLİ İİLİTLİİLİ? 


drop-flag 


NOOO 4-13 0000 box!  box3 00000000000 main 00N 
create boxl IIIA box2 000100000000000000000000000 
000000000000000000000000000000Rust0000000O0drop-flag 
TT DU DUDU ITT 
LİLİLİLİLİLİLİLİ TİLİİLİLİLİ İLİYİ 

0000000000000000000000000drop-tlagf]100000000000004 
00000000000000000drop-tlagl]00000000000Dropll000000000 
LİLİLİLİLİLİLİLİ İİLİİLİLİLİ İLİYİ 

00000000000000000000000000drop-tlag110000000000000 
Odrop-tlag[11000000000000000000000000000005000000000 
UU 

ITU TİLİLİL” DUDU 

4-141T11 


10004-1400000000000000000000A 


fn main() { 
let mut v = vec![1, 2, 3]; 
{ 
V 
be 
// v.push(4), 


"əl Oi OT $ ti MN E 
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000004140000 v0d0000000000d00000d000000000000000 


vLİLİLİLİLLİLİLİLLİLİLİLİİLİLLİLLpushi İİELİLİLLİLLİLİİVİİLİLİLİLİLLİ 


LİLTLİLİLİLİLİLİLİLİTC opyl UUB Copy UU 


LİLİLİLİL İLİLİL İL İİ İLİLİ İİ İLİLİLİLİTİLİLİTİLİYİLİL? 


UD» SI ci O 45 Co BB PR 


KO 


= kä FP FP PR 
Mm WHO mc 


0000000 Ushadowing [1000000000000000000004-15000 
00004-120000000000000000 


use std:s:opsit:D£op; 
# [derive (Debug) ] 
Struct 8 (182); 
mol Drop Tor S | 
fn drop (&mut self) { 
printin! ("drop Tor f)", self.0]; 
} 
} 
fh maint) í 
let x = S(1), 
println!("ereate x: 1:21”, sei? 
let x = S(2), 


erıntıni ("Greate shadowing x? 4271", X); 


0] 
000041 SOQon nunu ununu 00000 0000000000 
4.2.3 111101000000 


RATHİLLİLULLLELGCLİLİLİLİLİLİLİLİLİLİRAHİ I 00” DUDU 
LİLİLİLİLİLİ 

LİLİLİLİLİLİ 

LİLİLİLİLİLİLİLİLİLİLİLİTLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİTA- TOL 





[14-1000000000 
0000000000000Nodel4000000004-16000 
00004-1600000N eder TTL] 


ES struct Node<T> 1 

2. data: T, 

EF next: NodePtr<T>, 
4. } 


UNUNUNUN odebPtrlİTTİLLİLLİLİLİLİLİLİLİİLİİLİİLLİ 


type NodePtr<T> = Option<Box<Node<T>>> 
nodel.next = nodez 


node2.next = node3 


OOO0NodePtr)1100000Optionf]11000000000000000000000 
0000000 Some TIL None[]00000000000000000000000000000 
NodePtrilfTELOpitonl1Boxl1Nodel1THLLu 

NODD0 O nodel .next[]node2.next[]000 nodel[]node2[]node3 
0000000041 ODTETEEIBEIEB EH EIE 000000 Box O TOO OOO 00000000000 
00000000000004-170000000BoxIT00000000000000 


00004-17000Box TODO 00000000000 


1. type NodePtr<T> = Option<Box<Node<T>>>; 
2. struct Node<T> { 
B daba: T, 
4, next: NodePtr<T>, 
İs 1) 
6. fn main() Í 
d let mut first - Box::new (Node ( data: 1, next : None )), 
8. let mut second € Box::nev (Node { data: 2, next : None }); 
d first.next - Some(second); 
Lu, second.next = Some (first); 
ll. j 
00004-1 7000000000 
error[E0382]: use of moved value: second 
| first.next = Some (second) 
Pe ee value moved here 
| second.next = Some (first); 
Ni ed value used here after move 


HLLLU4-17HLM9VLUMsecondELULLUUfrsiLMUsencondiiuL Box İTİ 
LILILILILisecond İTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ1 OTT 


Rust] UU DH D UD UO Rciilli 0000000000 D reference 
counting [10000000000000000000000 Bozi OUT Rem itd 
NodePtriITUO0OOptionl]Re[]Nodel]T000000RclIT0000000000 
000T000000Osecond.next=Someltrst110100000000000000 


second ]next[]]101000000000Rc[IT00000000004-18000 


LİLİİ114- Tab 


li 168 SLGIETOSIROI 

2. type NodePtr<T> = Option<Rc<Node<T>>>; 

3. struct Node<T> | 

4, data: T, 

3 next: NodePtr<T>, 

6. ) 

1. İR main() | 

8. let first = Rc::new(Node { data: 1, next: None}); 
9. let second = Rc::nev (Node í data: 2, next: Some(first.clone()) |); 
LE. first.next = Some (second.clone()); 

(ef second.next = Some (first.clone()); 

lg. } 


000004-180000fArst[second[ clone [IL IILI IL DID OL R CUT TO 
00000000000000clone[00000001000000main]000000000000 
0000000000000000 


1000000004-1 85000000 


error [E0594]: cannot assign to immutable field 
| first.next = Some (second) ; 
AAA y IN cannot mutably borrow immutable field 


0000000000000000000000Rust QUUUUUUUUUOURefce UNTON 
LİLİLİL İLİ İLİLİİ İTİL İLİLİLİİ İİİ İLİLİL İİ İLİTİLİL İT İLİLİİLİL İT İLİLİLİLİL İTİL İLİLİLİT İLİ İTİLİLİLİ 
00000000RefCelllT000000004-1š000NodePtr[T00000Option 
ORcORefCell[Node[]T00000000004-19000 


00004-19000RefCell[)T0000000 


Ls "use SEO TCO: RC? 

2. use std::cell::RefCell, 

3. type NodePtr<T> = Option<Rc<RefCell<Node<T>>>>; 
4. struct Node<T> | 

Br; datas ud 

Os next: NodePtr<T>, 

Ta ) 

8. fn main() ( 

9. let first = Rc::new (RefCell::new (Node ( 

TO data: 1, 

(SR: next: None, 

12. ))2; 

Ds let second € Rc::new(RefCell::new(Node ( 

14. data? zZ; 

15, next: Some (first.clone()), 

t6; EE 

15735 first.borrov mut() .next = Some (second.clone()); 
LB: second.borrov mut () .next = Some(first.clone()); 
195 x 


0000 4-19 Dmm Rc I| [ | 
Ref ell? 000000000000000000N eder lt Drop LI III! 
UU ZOU 


LLT4-20111NodefliTililiDrop 


İz se Br tres RG 

2. use std::cell::RefCell; 

3. type NodePtr<T> = Option<Rc<RefCell<Node<T>>>>; 
4. struct Node<T> { 

B s aura: T, 

6. next: NodePtr<T>, 

Jae f 

8.  impl«T» Drop for Node<T> { 

9. fn drop(&mut self) { 

TU; BEL. ! C"Drobeing!”") 3 

D. ) 

lo, | 

LS, Tü mətn) 1 

14. let first — Rc::nev(RefCell::nev(Node ( 

L3. data: I, 

l6. next: None, 

17: 217: 

18. let second = Rc::new (RefCell::new (Node | 

LM, data: 2, 

20 next: Some(first.clone()), 

21 SAR: 

22: [IlrsLt.Dorrow mut () ext. = Some (second.clone() }7 
23. second.borrow mut().next = Some (Tirst..clone() ); 
24. } 


000004-2000NodefT0000000Dropi000000dropil0000004 
0002200023000000000000frst[]second1]010000000000000000 
LİLİLİLİL İLİLİLİİ İ İLİ TLİ İLİ İİ İLİLİT İLİLİLİL LL 


LİLİLİLİLİLİ İLİLİLİLİLİLİTİLİLİLİLİLİLİLİLİT Rusi İLİ IILI IILI IILI UI! 
LİLİLİLİLİLİLİLİ İLİ. 

LİLİLİLİLİLİ? 

Rust İİLİLİLİLİLİİİİ İİ İTİLİLİLİLİLİLİLİLİLİLİLİİ Rust 00000 
000000000000Memory Leak UU Memory Satety(10000 
UU 


LİLİTTİTİLİTİTİLİTİİLİTİİLİ 
 LİLİLİLİLİLİLİLİ 

UI 

UI 

UI 
UU 


Rust UO 
bus III 


000 ULLuievaLLnullC + -TiMinuliptriLCLUUNU LLİLLURustTlL 
[Safe Rued IIIe III 
(1000000000000000000000000000000000000000000000000 00 
10000000000000000000000000000000000000000000000000 
00000000 0 Rust 00 Option QUUUUUU0 OptionYUOQUUUUUUUUUU 
somef[]TOO0None[]0000000000000000000000000000000000000 
HEH 


0000 Udangling pointer (| (NUNUNLULUNUULULU UNUN 
LEIEEEIEDEIEI UU UUB UU 000000 
RRE 


10004-2 10000000 


fn foo<'a>() => &'a Str 1 
let a = "hello", to string); 


ka 


1 

2 

3 

4. ) 
5 fn main() { 

6 let x = foo(); 
2 } 


00004-21000tool]00008tla str100000a0000000000S00000 
Olja strip nid besser EID EID EIC DOCET unlar 
LEIDIDEI BICI Da CITED Ee oo maini HO 
x(1101000000tool0]0008al000000000 


J0O0Rust0000000000004-2100000000000000 


error1E05971: a does not live long enough 
| &a 
| ^ does not live long enough 


| ) 


OTTO 
LİLİLİLİLİTƏLİLİLİLİLİİRusii III 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİL İL İLİLİ İLİ İ İLİ İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
EE CHO + +O0000OÖOOOOOOOOOÖOOOOOOOOOOOOODD 
LİLİLİLİL İİ İLİLİL İİİ İLİLİLİİ İİ İİLİLİLİL İTİL İT İTLİLİL İT İLİ İİLİT İT İLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİLİLİLİLİLİ IILI LLL iRustI LIL IRustI III! 
UU Sua ooo EIE R us CCTETE] 
LİLİLİLİLİLİLİ LİLİT İLİLİLİLİLİLİLİLİLİİLİLİİRusüt İLİİLİLLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİLİ 
LİLİLİLİL İLİLİLİ İİİ İLİLİLİ III 


LiLİLİLRusti 1 TLİ nunun nn bunu yn 
A AN 


LİLİLİLİLİLİ? 

Rust İİLİİLİLİİLİLİLİİLİLİLİLİUİLİLİİİ 

: LİLİLİLİLİLİLİL İLİLİT İTLİLİLİ 

- LİLİLİLİLİLİLİ IILI II) 
 (0ORust]000 forget TTT 


OOUDODOOOOOOODOOOOOOOOOÖDOOOOUOOOOOOOORust HUUU 
DUT forget! İİİ 


LİLİLİLİLİLİLİLİLİLİLİLİTİİRusti Tİ İLİLİLİLİT unu bunu nun 
LİLİLİLİL İL İLİLİİ TİL İLİLİLİİ İT İİİ İLİLİL İTİL İTİTİLİL İT İL İİLİLİL İLİLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İF İLİLİİ TLİ İLİLİLİİ İT İLİLİLİLİL İTİL İLİİLİL İT İLİ İLİLİL İL İLİLİLİLİL İT İLİLİLİLİT İTİL İTİLİLİLİ 
LİLİLİLİL İLİLİL İL İİ İLİLİLİİ TİLİİLİTİLİTİL. 

LİLİLİLİİ İLİLİİ İİ İLİLİLİL İL LİLİT İL İLİLİ TİL İLİT İLİ İLİLİT İLİ LİLİT OK OOO OK OOO 
LİLİLİLİL İLİLİL İİ İLİ İLİLİLİ İLİ İLİLİLİL İTİL? 

LİLİTİLİLİLİLİTİLİLİLİLİTLİLİLİLİLİLİLİLİF E İTTTİLİLİİİLİLİLİLİLLİCLİLLİLLİLLİRust 
LILITEİTorgetl 0000000000 Rusi HOHO E SI [forget II 
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[Union TI 
1000000000000000000000000000000000000004-2200000 
LILTETETETETETETETL | 
00004-220000000000000 

La struct: A 1 

ez 11525 

3a b: Boxcu645, 

4. ) 

9 Struct. BiLoZ, E64, Char); 

0s SUTUCO. Ni 

Ss enum E ( 

8. H(u32), 

9. M(Box<u32>) 

LO 1 

Lis union U 1 

12 4 us 032, 
12 V: u64 
14. ) 
15. fü maingi 
16, printimi ("Boxxu342: (set, std: mem; size of: 4<Boxsus2>> () ) 
(ké Priel ("52 (2727: BLA IB Sime Ol) 
18. SE LG ("Bs ter, Boas Men telge DIPEISBPUJ 
13. REEL Ne 1:7)", SLEEP Size >} 
20. printimi ("Bs isli”, std: amen size ofsısEai])y 
Al Print ("Us keli”, SLOIADEUEIBLAS 077 1531117 
225 ] 
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OO0A000a0000000060BoxJTO00O0OOOOOOOOOOOODA0000160 
1000000000004-1 1000 


zü İK A 


b: Box<u32> 
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004-110000000000000000000000000A0000600008000000 
180000000a200004000000000000a0bk0000160000 

OUODAOOODOOD0000O0000000000000000000000000a 000000 
[11600000000b0Boxlju32(1001000000000000000000000000000 
0000000000080000 

0000 4-22 001000 B 0000000000000000000000001 60000 

LİİTTİNTİLİİLİLİLİLİOLİLİLİİ 

000E000000000000Tagged Union III III IIUnion[ IILI 
LİLİLİLİL İF İLİLİL İİİ İİLİLİİ TİLİLİLİLİL İTİL İTİTİLİL İT İLİ İLİLİT İT İLİ LİLİT İT İLİ LİLİT İLİ İTİLİLİLİ 
tag lll İLİLİLİİ TT İT İL İLİLİLİL İT İLİ İTİLİLİİ İTİL İL İLİLİLİ İT İTİ İLİLİLİL İL İLİLİLİLİLİLİTİLİL. 
O0000000000000000000000004-12000000EOOOOOOD 
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Tag ( H/M ) Box<u32> 


LT? 
[14-120000E00000000 
DODO EH Aus 2HLMİİBoxllu 3 2TİLLİİFİTİMTİLİİİEL 000000 
HIMO US 2İ1Boxllu 3 2İİİLLBoxflu 3 2000000000000 


0000080000000000000008200000000000000005000000000000 
01000000000000160000000U00000000000000S0000 
10100000 000000000000000000000000000000000000000 00 
LİLİLİİLİL İTLİ İTİLİLİLİLİT O 00000 
00004-220000000000004-25000 
00004-2310000000000000000 
Box<usz-? © 
A: 16 
E 16 
0 
: 16 
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C++ OD ODO 00000000006 CBE unu ununun un 
LG CEBIT don DUDU 
LiLiLİRusti İİ İLİTLİLİ IILI II IILI II IILI LI II III 


LİLİLİLİİ İLİLİİ İLİ İLİLİL İLİ LİLİT İL İLİLİ İİİ İLİ İLİ İLİLİT İLİLİLİLİL İLİTİLİLİT İLİLİLİLİLİL. 
LİLİLİLİLİLİLİ İLİLİL İİ Lu nn On İLL Rusty 
(OUT 
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. include <iostream> 
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. #include <memory> 

using namespace std; 

int main () 

{ 
unique ptr<int> orig (new int(5))7 
cout << *orig << endl; 
auto stolen = move(orig); 
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FO CO — O) VI BEN 


O. 4 


LİLİ11115-İTİTLTİLTİLİS-2İTİRusiTİLİLİ 
10002-200000000S-10Rust[[] 


1. fn main() ( 
Z: let orig = Box::new(5); 
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4. let stolen = orig; // Error: use of moved value: *orig 
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let y = vecil1, 2, 3]; 
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1 fn main() { 

2 let x = 5; 

Ja let y = x; 

4 assert ed! iy Sl; 
5 assert eq! (y, 5); 
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1 # [derive (Copy, Clone) ] 

2 struct A{ 

3 al 132, 

4. b Boxel32* 

E ) 

6 fn main()() 
010005-4000000000 


error[E0204]: the trait Copy may not be implemented for this type 
1 | #[derive (Debug, Copy, Clone)] 

| ANAR 
4 | bt: BOSS132 24 

50 this field does not implement Copy 
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Ta fn main(){ 
let x = Box::new(5); 
let y = x; 


prina lr r] Ses 
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=s let x = Box::new(5); 
let y = x; 
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# [derive (Debug) ] 
struct Al 
dt 332; 
b 432, 
} 
fn main() í 
let a = A (a: 1, b: 2}; 
let b = a, // error[E0382]: use of moved value: “a” 


println! ("{:2?}", a); 
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1. #[derive (Debug, Copy, Clone) ] 
struct Al 
ae 32. 
b: 1132; 
) 
fn main() { 
let a = A (a: 1, b: 2}; 
let b= a, 
I Print”, ox 
L0. 3 
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Print yt Pee. 6): 


Ls TA Malni 

zs tee a = Marto String), "DV Z CO String): 
Jis 188 ba, 

4. ir print (ii, ek; 

5 let c = (1,2,3); 

or Let d = c; 

yə 

8. 
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LLLLS-9fletlTi 
La fn main() { 


2. let x = “nelio .to Eer gi); 
3 } 
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fn main() ( 


let x = "hello".to string(); 


1 
2 
ER // cannot borrow immutable local variable x as mutable 
4 // x += " world"; 
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1. fn main() | 

2: let müt x = "hello".to ‘string (77 
Ja x += " world"; 

4. assert eg! hello World”, Xj 

5. d 
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0000 let 100000000000000000000000000000000005-120 


UL 
D0005-12[ let yp b itd 
1 fn main() { 
2 let a = "hello", 
ce let b = "rust"; 
4 let c = "world"; 
5 let d= c; 


De ` 
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LİLİLİLİTİLİLİLİL. 


di 
let a = "hello", 
'b í 
let b = "rust"; 
lo | 
let c = "world"; 
'd í 
let d = c; 
) // MEA ' d 
) // HERR rc 
) // FRA 'b 
) // HERR "a 


A A A 
UU 


00000000000000000004000000000040000000c06H0a00000 
LiLlal İTİL İLİTLİTLİTTİ Rust ununun uu uyu nu yayan 
LİLİTTİTİLİTLİİLİ 

NULL ANL nunu yun nunun HA cI IILI I 
0004000c000004000000000000000000000000c000000000000 
LİLİTİLİLİLİİİcl A Çe ye 


fn main(){ 


let a = "hello": 
let b € "rust": 
let c = "world"; 


let d = C; 





U5- 30000000000 


00000et0000000000000000000000000000000000000000 
00000000 let 000000000000000000000000000000000000000 
LİLİLİLİLİLİİ 


001et00000000000000000000 

OOL 

LEIDEIEIDCIDEIEDCID DIEBUS -1 9 DTE] 
Q0009-1 30000000000000 


fn main() | 
LƏL Outer val = L 
let outer sp = "hello",to stringi); 
| 
let inner val - 2; 
outer val; 
outer Sp; 
| 
prigtlni("I22]",; Outer VAL)! 
// error[E0425]: cannot find value 'inner val in this scope 


© — Gi Cr s Gei Bi E 


WO 


// printin! ("($2]", inner val); 
// exror[E0382]: use of moved value: ‘outer sp” 


hb $ kä = 
CO NRO 


/? printini("1:21", outer sp); 
14. } 


Q0000s-1 S DIBIEA ETE TTL amani HAD OOO O O O O 0 gg dd dd dos 
HletQO0UUinner_valQQQ00000000000000000000000000000000 
000001 1 00000000000001 OUT 

0120000outer valf]00000000000000000000000000000000 
00000009000000000000000000 outer. vall[030000outer ep UI 
11010000000000000000000000000000000 0 outer. sp[l I İLİ? 
00001 3000000000000000120000000000 

000000000000000000000000match(00000000000000000 
QDODODO 00000000 

match [|] 


match[1l000100000000000000005-14000 
00005-14[0matchf[11000000000 


ii fn main() { 

2 let a = Some ("hello".to string()); 

3 Harel. a 126 cem 

4 Some (s) => println!("(:?]", s), // | match scope 
Sa o => println! ("nothing") P | 

6 R əsasi a əəə əsə Er 

7 // error[E0382]: use of partially moved value: "a 

8 If Drage TI FE ^. a) 

9 ) 


00005-1400match(1000000000000a0000000000000al 
Option] string |I00Stringil0000000000Optiont]stringl00000U 
00000080000000a0000070000000000match000000000000000 
1000000000E00000S00000000 


(III 
for[ ]loop[][]whilet ITU, TL sou Een TEIEIETULI 
LİLLİ İLİLİTİİ 
HUUU5-15 for 0000000000 
1 fn main () í 
2 let v = vec![1,2,3]; 
3 for i inv ( // ------------------------------------ 
4 println! ("{:2}", i); // | 
5. // error[E0382]: use of moved value: v. // | for scope 
6 A” Benelli wn // | 
1 j: aaa susun a Den 
9. ) 


000005-150000v0000000000for1100000000000000060000 
LİLİLİVLİLİLİLİLİLTƏLİLİLİLİLİLİLİLLİ 

if let/ while letl) 

if let[][|jwhile let TUTE. 7 oC) let000000000 
OOL 

LEID CS -36 d£ let 0000000 


1. fn main() í 

d let a = Some("hello".to string()); 

SF if let Some(s) =a ( // ------- 

4. printing 8) //| if let scope 
Bs e 

6. ) 


000005-160000a000000000 Optionf]stringl1000000030it 
Tetra Ee 00000001 let0000000000000 


00005-17000while Jet Tub 
00005-17[ while Je ITT 


1 fn main() ( 

2 let mut optional = Some (0), 

3 while let Some(i) = optional ( 

4 Lf >94 

oe println! ("Greater than 9, quitl"), 
6 optional = None; 

7 } else { 

8 printinli" 2^ 185 12771”. LEY adalns", > 
9. optional = Some(i + 1); 

10. ) 

11; } 

I2. 3 


000005-170000optiona![]Optiontli52(100000i52000000000 
LOptionl113 2TİLİLLİLİLİLİLİLİLİvvhile let00000i000000000 


UU 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİ İLİLİLİL İL İLİLİ İLİ İL İLİT İLİ İLİLİT LİL 
LİLİLİLİLİLİLİTİLİLİLİİTİLİ15-15111) 


00002-18000000000000000 


O OO <a €) OF A W NP 


11.2009 (55 Bering) “€” Sering: 4 / = 


let w = " world".to_string(); // | function scope 
S + &W // | 
J // -------------------------------- 


fn main() ( 
let e = "hello to per ng), 
let ss = foo(s), 
// println!("[:?)", s) // Error: use of moved value: “s” 


| 


00005-180000sU0String(10000000000fool]010000000000000 


[mala ET İLTİLİİLİSLİLİLİLİLİLİLİİLİ 


OY o A GO [N FP 


HU 

LİLİLİL İL İLİLİLİL İİ İLİL İLİ İLİLİİ İLİTİLİ İTİL İLİLİLİLİYİLİ 

: LİLİLILILILİLİLİLİLİLİLİLİLİLİİS THO 

DOLO OOO ODO IL moved I III III II! 

: LİLİLILİLİLİLLİLİLİLİİLİLİLİLİLİLİLİLİLİTİLİLİİLİİLİLİİLİSimutfİLLTİ 
00009-1 9090000000000 

00003-1 39000000000000000000000000 


fn main() ( 
let s = "hello".to string(); 
let join = li: &str| (s + i); // moved s into closure scope 
assert eq! ("hello world", join(" world")); 
// printin! ("{:?}", s); // error[E0382]: use of moved value: “s” 


| 
HODIE LS -19 DOES EIS ting NUHU SHUDA exa UUs III 


IDDIE 


9.4 0000 
LİLİLİLİİ İLİLİİ İLİ İLİLİL İL İLİLİLİT İL İLİLİ İLİ İL İLİT LİL İLİLİT İLİTİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 


1000000000005-20000 


00003-20000000000000 


T fn rTootmut ve (152; 31) => [132; 3] 4 
2 v[0] = 3; 

> assert eq!([3,2,3], v); 

4 V 

Da ) 

6 fn main() { 

7 let v = [1,2,3]; 

8 TOOL); 

2s assert eg Frar oly Yİ; 

10. | 


000005-2000000000000LT0NI000fco00000v0000000 0 
(1321151000000S0is200000000mut000000000000foo0000000 
Don OHOOO IILI II II! 


[Imain[|[ LI 7L IILI IILI iv too HAHA vI II! 
HOHO vu ooo too HAO oo HOHO va 
203100 maini (TM 10203 JII ISI 

0000000000000700000000v00000000000fco]000000000 
00000000000000000000 000000 let 0 v 00000000000 


00000000tool]0100000000000000000000000000000000000 
OOOOODOOOOOOOOOOOOORust 00000000 00000000005-2 1000 


010002-2100000000000 

fn £ootvs &mut (152; 31) 1 
viO] = 3; 

) 

fn main() { 
let mut v = [1,2,3]; 
foo(&mut v); 


1 

2 

3 

4. 
94 
6 

7 assert eyi (13,470) VI? 
8 


00005-21000005-20000000000000004mut vipiniteoeriibicil 
LLL too HAO A A NS 
000000000600008kmut vU goot an 00d Ono ndo don OL 
LİLİLİLİLİLİLİ İLİVİİ 

III 

00 Reference [11] Rust 000000000000000000000000000 
00000000000000000000000000000000 HAlias (00000000000 
LİLTTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 00000 COU OOOO & mut 
III 

00000000008x11000x000 0Borrowing [100040000000000 
LİLİLİLİLİLİİ İİ İİİLİT İL İF İL İLİ İLİLİLİLİLİL İİ İİ TT İTİT İT İL İLİLİTİLİLİLİLİLİL İLİ (owner 
(OUT 

* LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİLİ İT İLİ İLİLİLİLİL İL İTİLİLİLİYİLİ 

- LİLİLİLİLİL İLİ İL İLİ İL İLİLİT İL İL İLİLİL İLİ LİLİT İLİ İLİİLİLİ 

LİLİLİL İL İL İL İLİLİİ TT İT İT İLİLİLİİ İLİLİLİLİ LİLİT İT İLİ İLİLİLİİ LL İLİ İTİTİLİLİTİLİLİ 
LİLİLİLİLİLİLİLİL. 

LİLİLİLİLİLİLİLİLİLİLİLİTLİLİLİLİLİLİLİLİLİİLİL19-2 2000 

00003-2200000 


1, Tü Bubble dort(di smut Veccls25) | 

2; let mut n = a.len(); // SSES 

Ji while n > 0 { 

4, // MALE BA, max ptr BAG K l 
5. let (mut 1, mut max ptr) = (1, 0); 
6. // BRA, WRWAATEZ, MERGE, HRE ARKANA 
Ja while i € n Í 

B. LE LLL] PELLI 4 

9. Q Waj (1 Lp L): 

10. max ptr = 1; 

Ll: ) 

l2, i += 1; 

13. ) 

14. // EE 6025. 
Lö: n = max ptr; 

i8. ) 

Ir. 3 

18. fn main() { 

19 let mut a = vec![1, 4, 5, 3, 2]; 


bubble sort (&mut a); 
Brise la ("1521", 8): JE DL, 2, 3, 4, 5] 


BW DO 
NO KE € 


“a 


000005-2200bubble sort triti i 2D ODD UD len! 
000000000000000000000000a000000000len000000000000 
100000000009000a.swapl]i-1:000000000000000000000 
00002-23100 0std[]Ovec[]0Vec[len1000000000 
DODOS-23 len 00000 
1. pub fn len(&self) -> usize { 
2. self.len 
3% } 


LILILILIL15-2311LlenliİTiliSseliffliillselifiSselif I IILI IILI II! 
00000selt000len0000000000000000000000000000000000000 


LİLİLİL İL İLİLİL İL İİ İLİ DO DO ODO İLİ İLİ İLİLİT İLİLİLİLİLİT İLİ? 
RRE 
LIDD 
* LİLİLİLİLİLİL İLİ İLİ İLİ İLİLİT İLİLİLİLİL İT İLİLİT İL İTİLİİLİLİLİLİL? 
 000000000000000000Akas(10000000000000 
* LİLİLİLİLİLİL İLİ İLİ İLİ İLİLİT İLİTİLİLİLİLİİLİLİ 


LİLİLİLİLİLİİ Tİ İLİ İL İLİ İLİLİLİ İİ O OOOO İLL İT İLİTİLİLİLİLİLİLİL Ü 
Rust JE DD D CIE nn 00d 0000000 


DEIETDBICIEY LL İLİTİLİLİLİLİLİLİLİLİLİLİLİİLİLİLLLİLLİLİLİLİRusil TİL 
[III II 


LİLİLİLİİ ALL ALA ALLA ALLA BOO İLİ İLİ İLİLİİ İLİ LİLİT İLİLİLİLİLİLİLİLİLİLİL. 
LİLTLİLİLİLİLİLİLİLİLİLİİ5--4111T1 


pa E HRS 


BEE ERTE 


JT Bi 
secre —— Q AG p< 





5-4 000000000 


LİLİL İLİ İLİLİİ İLİ İLİLİTİL İL LİLİT İL İLİLİ TLİ İL İLİ İLİ İLİLİT İLİTİLİLİL İLİTİLİLİLİLİLİLİİLİL. 
LİLİLİLİL İLİLİL İİ İTLİ İLİLİLİ İLİ İLİLİTİLİ 


A 410 
0009-24 00000000000 


1. fn compute (input: &u32, output: &mut u32) ( 
z. YE “ınpun > 4104 

du *output € 1; 

4. ) 

2: TE *inpub gd 

oe koutput *= 2; 

p ) 

d ) 

d fn main() ( 

LU. let i = 20; 

11 let mut o € 5; 

12 compute (&i, &mut o); // o = 2 


13, 3 


1000 9-24 TİTİLİİLİİLİLİLLİ o DUDU) 20000000000 Rust TL] 
LİLİLİLİLİLİLİL İ İİİ İLİLİLİ İTİL İLİLİLİLİ 


LİLİLİLİİ İT İL İL İLİLİLİLİL Tİ İTİ İL İTİLİLİLİİ TTİLİİİLİLİcomputel İL İLİLİİ İİİ İLİLİLİ 
LİLİTİL1115-2 5000 


Q0003-25000000Rust TİTTİTLTİcomputelllTiTiilii 


1. fn main() { 
FR let mut i = 20; 
3: compute(&i, &mut i); 


4. ) 


LUE S-ZSDTETEEIER IDIOT EIE DUCI LET cem pute TETHEIDI DICIT] Rust 
LİLİİTLİLİLİLİLİLİLİLİİLİLİ İTİTİLİLİLİLİLİLİLİLİZ OOOO 9-24 000 
compute[|QUUUUUUinput output 2000002000400#0000000 
outputl]000010000inputl output] J00000000000000000000S 
000*inputs0000Otalse000O0computell00Ooutputl100000010 


UU D Rust 00000000 00000000S-25U00000000000000O0A 


error[E0502]: cannot borrow 1 as mutable because it is also borrowed 


as immutable 


LİLİLİLİLİLİLİLİLİLİLİLİİ İTİ Tİ TTTTLİTİLİLİLİLİLİLİLİLİcomputelililiRustl tjr 
UU EIE putt Joutputl (1000000000000000O0computell0000000 
0005-2600 


0005-26] compute|]: 


dics fn compute (input: &u32, output: &mut u32) { 
2: Let. cached input = “input; 

3. 1£ cached input > 10 | 

4. Youtput = 2, 

x, } else if cached. input > 5 1 
oe *output = 2: 

Ta ) 

D ) 

9. fn main() { 

10; let i = 20; 

Li, let mut o € 5; 

12. compute(&i, &mut o); // o = 2 


Loe 4 


LİLİLİ115-Z61İELLİLRusti HUDU 
LllinputlloutputtILLLİLULLLİLLİLİZLLİLLİcached) inputfl0000000000 
TIET input UCD OUT 
00000000000000O0cached inputl| I ifl IILI Lif else IT 
0011 OTİLİLİLİLİLİLİLİLİLİLİLİİİ5LİLİLİLİ 


DEED EUR us E 00000000000 

- LİLİLİLİLİLİLİL İL İLİ İLİLİLİLİ İİ İTİLİİ İLİLİLİLİLİ İ İLİ İLİTİLİİİL. 

* LİLİLİLİLİLİLİL İL İLİ İL İLİLİ İLİ İTİLİL İLİ LİLİT İLİLİLİLİYİLİL? 

“ LİLİLİLİLİLİLİİ İLİLİL İL İLİLİİ LL 

- LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİL İLİLİLİL İİ İLİLİT LL LL 


ULUUNUNUNUNUUUUNUNULNUNULUNUN HELURELHLULLLL LL 
GStringTiliLLİLTİLİLİLİLİLİİLİLİLİLİTİLİLİLİİİLİLİ15-2 7000 


00005-270000Stringl][: 


Ln TOMES Strang): => Str IMG i 
let append = *s; 
"Hello".to string() + gappend 
) 
fn main ()( 
let x = " hello".to string () ; 
Join(&x); 


} 


LCD CIE -2 /Tuomnl IO OD & String UD OTT TTT el IT 
LİLİLİLİL İLİLİL İLİ III 


error1E05071: cannot move out of borroved content 


OO — O) OF B WH DM FP 


| let append = *s; 


| NA 


0000000000000s0000000appendl0000000s000000000004 
main[|[|[Ix[ I ILILILI II Sx I LIL IILI IILI LIL LIRusti 000000 
UU 


9.9 HOUUUL 


LİLİL İLİ İLİLİİ TLİ İLİLİL İL İLİLİLİL İL İLİLİ TLİ İL İLİ İLİ İLİLİT İLİ İLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
000000000000000000Rust000000000000borrow checker UI 
LİLİLİLİL İF İLİLİİ TİL İLİLİLİİ İT İLİLİLİLİL İTİL İTİ İLİL İT İLİL İİİ İT İLİ LİLİT İTİLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİ LİLLİ İİİ İLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİLİLİLİLİ Rusti] 
LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLUİİİLİLİİİİ115- 2 800 


00003-280000000 


fn main() ( 


let r, YA m OI 


Fa OV 


— Oo O 5 EN P 
i 
D 
ct 
x 
| 
Gn 
- . 
u Ki 
O 


7. AA OA L h 


Q0o00ds-280000rd000maia IU IILI IILI IILI Lla O0000x 
00003000600000000000000000000000000000000000000b Q 
0006 000a 00000000000000000000000500000000000000000 
DE Rust EDDIE DOE ETT D Lu ununu CTET DICT TCIETLICICIET - 
280000000 


error1E05971: x does not live long enough 
5 | r = &X; 

| - borrow occurs here 
6 | ) 

| ^ x dropped here while still borrowed 
7 | Princely es: 0”, ENS 
8 | | 


| - borrowed value needs to live until here 


OOOOOOOOOOOOOOOOOOOOUOOOUDDDWD O000005-25000018x1100 
00rtlr1000000000000000a000000x000000000000060000a000 
01046000000000000000000000000000000000000000000000000 
LİLİLİLİLİLİLİLİL İİ İLİ İLİ İLİLİ İLİ İLİ İTİ İL IEEE 


LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİULİLİLLRusüt 10000000 
LİLİLİLİL İL IILI IILI III IILI İT İL İLİLİLİT İL İLİLİLİLİL İT İLİ İLİLİT İLİ OOO 
LİLİLİLİLİLİLİL İİİ İLİ İLİ ODO KALA İLİTİLİLİL İT İLİLİT İLİTİLİLİL İT İLİLİLİLİYİLİ 


9.9.1 10000000 


HUDU UU UU UU LI LIL EID a: OUUUUUUUUUUUUSL 
LİLİLİLİ ODO ODO OD İLİ İLİLİLİLİTİLİ? 


6132; // 2 MH 

Ehe 1925 // 4:24) 43 4931 A 

&'a mut 132; // Aki EA 3X M) v] X 5] Jf 
LİLİLİLİ İLİTT İİİ İTİ İT İT İLİ T İİİ TİL İT İİİ UU 
LİLİLİTTİTİTİTİTİTİLİİ 
(1000000000000000000 00 


LH 0007000 Kua GEL, © C'a GEL) => & SET) 


LİLİLİLİLİLİLİTTal Tİ III III İL İTİLİLİL İT İLİ İT İLİLİL İLİ İLİLİLİLİLİLİTİL. 


000000000000 Uinput lifetime ((0000000000000000000 
(output lifetime TI 


LİLİLİLİİ İLİLİİ İLİ İLİLİTİLİLİLİLİL İL OD KL İL İL İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİİL. 


29000 


UU 
100000000000000000000000000 000000000000000000S- 
010002-2900000000000000 
L. EN return suis “asik €” ta Ser 4 
2: let mut s = "Rust".to string(); 
3 Bor nn Hes 
4 s -püsi str("Good "J); 
3 ) 
6. 88142] /(/ "Rust Good Good Good" 
SCH 
8. fn main() { 
9 LEE X = return Steril; 
Xü. 
00005-29000000000 
error [E0597]: s does not live long enough 
6 | &s[..] //"Rust Good Good Good" 


| ^ does not live long enough 
7] | | 


| - borrowed value only lives until here 


LİLİLİLİ İLİ İİ İLisi İLİLİİİİİLİLİİ İHllilireturn, stri İLİLİİT İİİ İLİLİLİLİLİTİLİL. 
L s 0008sl[..100000000000000000000000 Rust 000000000000 
LİLİLİLİLİLİLİLİLİLİLİLİİLİLİS tring TTL] 


LİLİLİLİİ İLİLİİ İLİ İLİLİ İLİ LİLİT III İLİ İL İLİT İLİ İLİLİT İL İTİLİLİT İLİTİLİLİLİLİLİLİLİLİL. 
0000000 DBIEIDEIS -5 0 DIETE 


00002-30[foo[]10000000000000000000 

ER DOS DA: Ga SEE, Yi &'a SEE) €” &'a Ber 1 

let result = String::from ("really long string"); 

// error[E0597]: “result does not live long enough 


result.as str() 


i 

2 

3 

4. 

Da ) 
6 fn main() { 

7 let x = "hello"; 
8 let y = "rust"; 
9 foo(x, y); 

1 


uu 2 


00005-30000000000000500000000000000000foo11000000 
LİLİLİL İL İLİLİL İİİ İLİ İLİLİLİLİ İLİ İLİ İLİTİLİLİLİL İLİ? 


LOIDEIETDCIDEIEEDCID EIE don DIEI 1000000 
010002-3 100000000000000 


Lo EN DA LOBGEST (SLI a, BAr SEE) 7 Get. | 


2 if sl.len() > s2.len() ( sl ) else { s2 } 
3 } 

4 fn main() { 

2. let Sl = String: :from("Rust.”) $ 

6 bet sl s = Şe; 

7 { 

8 let 82 = Strang: : from("c”) š 

za LƏL res = the LORGCSL(SL E, 282); 
LƏ. println!("() is the longest", res), 
Li, ) 

12. J 


LİLİTİLİLİL15-3 1000000 


error[E0106]: missing lifetime specifier 
| en the longest sis €stry 82% ESTE) — ÉSTE 1 
| “ expected lifetime parameter 
10000000000000000000000000000000000000005-320000 
LILTETETETETETETETL | 
00005-3200the Iengest m bd 


Ll. fn THE lofgést<'a> (817 $4 SUE, 2: A SLE) -> G'a SUE | 
2. if sl.len() > s2.len() { sl ) else ( s2) 

ën J 

4. fn main() { 

zm let. Sl = 5tkiigi:from("Rust") : 

6. Let si r = çol, 

Tü { 

Bu ler sz = Strings: frome GT? 

2. LƏL res = the longest(sl P, 882]; 

LD 4 printim ("{} is the longest", res); // Rust is the longest 
lia ) 

12: J 


0000s-S21]the longesti]100010000000000000a0000000000 
LLILILILILIILILILILILILILILI LIL a str (01000000a Q00d0000 
LİLİLİLİLİLİLİ LİLİLİLİLİL İİİ II lla TİLİLİLİLİLİLİLİL A 
LİLİLİLİLİLİLİLİL. 

000 main O0Oothe longest NN ununun uu 
LİLİLİLİLİLİLİLİLİ Ha 


let res = the longest(s1 r, &s2); 


main scope 


inner scope 





05-2000000000000 


the longest]00000000s1 r0000000000000002-32006000 
120000000000s1000000 the longestJ01000000000a 00000000 
000s1 0000000000045s21000000000005-5240070001000000000 
UUs2 0000000000000a 0000000000s2 [| 
the longest[]s1 r[]«s20000000000000t 009001et00000 
rel TU 000 res 000 the longest (01000000000000000 
LİLİLİLİLİLİresi İTTİTİTİİİİİİLİİLİLİr PİTİ Tit HOUOL 
LİLİLİLİLİLİLİLİLİLİLİLİTİTİ İİ TETTE TETTE IL 
010000000000000000000000000000000005-351000 
010002-3300000000000 
1. fn the longest<'a, 'b>(sl: &'a str, s2: &'b str) => &'a str 1 
2. if sl.len() > s2.len() i( sl ) else ( s2) 
2. 3 


0000002-2500000000 
error [E0312]: lifetime of reference outlives lifetime of borrowed 


content... 


0000000000000000000000000000000000a006000000000 
5-3400 

00002-540000000000000000 
1, din the .longest<"a, “bi “azil b a sir, 627 &'D Str) => &'a SLE | 
es if sl.len() > s2.len() { sl ) else í s2 | 
2 J 


000005-34000b00a 0000000000000b 0000000000000000 
a [|b outlivella (111000000000000b 000a Ola mb 0000000 
[LED EE D mein (0000000 si r 00000000 4s2 UDO 
the longestf]0000000s10000000s2000s10000000a 0s2000000 
[ib 000000000000a 00000000b 000000000b00a 000b 000000 
Ola 000 

0100000000000000000000000000000000000000000000000 
00000000000000000000000000000000 0000000600a000a000 
00000000000000000000600000000000 

the longest(10000000000000000000a 006 0000000000000 
OO0s1 00s2 00100000000000000a 0000000t UO reel [IL LIL IL IL] 
00000r Dot 00000Rust]let00000000000000000000000000000 
0000000Oresl]ks2t]s1 r]00000res0000004s210000 sl rm res 
000004£s2 (0000000000000000000000000 Rust (0000 0[res E] 
00000000r J&s2 0100000000s2 00000000s200r 00s2 0000000 
Lir 0(00s2 Hür 00000000000000000000b Oga 000000b0O0a 000 
000s1 r00000000000s1 00000000000a 0000s1 [E 000000 
sl[|j)]r alta 0002-6000 


Ural Pe MESS 
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LİLİLİLİİ İİ İLİ İLİ İLİLİL İLİ LİLİT İLİLİLİLİL İLİLİLİ İLİ İLİ İTİL İLİ İİ İTİLİL İLİLİLİLİLİL. 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLUİLİLİULİLİULİLİ DO Rust UDO I 
LLILILILILILI ea strliSfistatic ste Dp bera siri) 
JOHOUODU static strliliiliiiHiN Rust AAA E] 
static str (Rust HUUU 
LİLİLİLİLİLİLİL İL İLİLİİ İİİ III 


LİLİLİLİLİLİL İLİ TEIL TIL 


ULUNUNUNULNUNULNUNUNUUUUJUJULULULUNUNUNUNULUL 
missing lifetime specifier(]]0005-35(100000000000000000000 
19-33 0000000000d0000d00000000 


BLOUSE Fees az 4 
partı % a str, 
| 
fn main() ( 
let words = String::from("Sometimes think, the greatest sorrow than 
older"); 
6. let first = words.split(',').next().expect("Could not find a 
mi” 
Ta let f = Foo { part: first ), 
ds assert eq!("Sometimes think", f.part); 
Ye 1] 

HOpdme-39D p Fool] 00000 ees er III na 
10000partj0000000000 Aa see UTC 
LİLİLİLİLİLİLİLİLİLİLİLİLİ İT TC TETTE TE TETTE ILILILAL ILI TTİTİTİ 

main DODODODO String 000000 words[]0000 split (000000 
[|j words[]THEBDUBUU ext E EL expect bbb i barst ETE] Un ext uu 
01000000000600000 

000070006rst000000Fool]00000000000000000000000000 
000part00000000000000part00000000main[[000Fool]0000t00 
0000000000part000000006rst000000000006rst00000£.part[] 
LULU Rusi III! 

LİLİLİLİLİLİLİLİLİLİLİLİ 

HUOO Foo YUUUUUUU0U5-3 6 (UU 
0000000impl0000000000000000000Foo[]011000000000000000 
00002-3600000Fooll00U 
1.#[derive(Debug)] 


cs CO bö E 


2 struct Eoos'a2 4 

3 parte WA ser, 

S ) 

D. pl» Foot'a> í 

6 ER Split 11896 (9: &'a Str] => R'a BEE 4 

1 s.split(',')mext().expect("Could not find a ',"") 
O | 


9. fn new(s: &'a str) - Self ( 

Lü. poo (part: Poo: split farses) | 

ll, ) 

lže y 

13. In MELU) 4 

14. let words = String::from( 

1:3 4 "Sometimes think, the greatest sorrow than older"); 
| cm prinrtinii("LItgP"AEDOorinew(wordsaams SELE) 

Lis d 


Fooljl IILI no nd O new re T rBrstEcme wr DD III! 
00000000000a 0O0impl1000000000000impi00000 


OOnewtliirst1101000000000000000004 


error [E0495]: cannot infer an appropriate lifetime for lifetime parameter 


in function call due to conflicting requirements 


LİLİLİL İTİL İLİLİLİİ İİİ 000000 İLİLİL İL İLİ İTİLİLİL İTİL İla TİTİLİLİL İT İLİLİLİLİLİT İTİL. 
LİLİLİLİLİLİLİİLİFool UDO 


LİLİLİLİL ODO OOOO ODO İLİ İTLİTİLİİTİL. 
LİLİLİLİLİLİLİLİ 


Rust0]00000000000Ostatic (00000000 Unstatie (10000000 
0000000000000000000Ostatic (00000008 static str 110000 
0052-3701] 

00009-3700000000000 


1 fn main() { 
z let x = "hello Rust"; 
3. let y = x; 
4. assert eq! (x, y); 
oF } 
0100005-5700000000x00y=xO00000O0xO000000000000000A 
LİLİLİLİLİLİLİLİLİLİ 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İLİLİLİL İL İTİLİ İİİ İLİ İLİ İLİLİT İLİLİLİLİL LİL 
LİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 39-7000 


TTK KATE 
GEO 


RO data 
REMER 


RW data 
REWER 
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LİLİLİLİLİTLLİ5-3 AE <BR 
LİLİLİLİLİLİLİL İLİLİLİLİTİL. 


LİLİLİLİİLLİİİLİRust Z2ÖTƏLİTİİİİLİconstlistatictilİHİİLLLİLLLLLL 
[static (00000000 


9.9.2 10000000 


LİLİL İLİ İLİLİİ İLİ İLİLİTİL İL İLİLİL İL İLİLİ İİİ İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
o-GƏLİLİLİ 


0009-38 000000000000 


in first word(s: &str) => «str | 
Let bytes = sas bytes U(); 
for (i, sitem) in bytes.iter() .enumerate() | 
if item == b" | í 
return &s[0..i]; 
) 
) 
&S[..] 
) 
10. fn main() ( 
li printin!("122}", First. word ("hello Rast"); 
i J 


UULULU5-3SİİLELULLULLİİLLİİrst word[]01000004str]000000 
as bytes[]00000000000000for 00000000000000000000000000 
«s[0..11100030for1]1000000000000enumerate[]0000000000000 
00000for 0000 item (0000000000 item (100000000400000000 
000000000000000000000000000000000000000000000000000 
0000000000000000000000000000000000 


LULU Rust LI IILI IILI IILI IILI LL Rusi 00000000 UI! 


LİLİLİLİL İL İLİLİL İTİ İL İLİLİİ OOO OD İLİ İLİLİLİL İLİ İLİLİL İT İLİLİLİLİL İL İL İLİLİLİL İLİLİLİLİLİLİİ? 
[Lifetime Elision Rule 1 ITIILLILLLLIL 


- LİLİLİLİLİL İLİ İLİLİL İL İL İLİ İLİ İLİLİL İLİ İLİ İLİTİLİİTİLİ 
* LİLİLİLİLİLİLİL O ODO DO O ODO OOOO ODO DO İTİL İLİLİLİİLİ 


 000000000000000000000008selt] mut sel sell III 
LİLİLİLİLİLİLİLİL LİL? 


OOOOOOOOOODOOOOOOOOO000000002-5200000000000000 
00002-39000000000000000000 


Ow On UN Y (2 N FP 


O 


GÖ: AI €) I «E GW Ni E 


= ES ge 
hos: 


= P = 
Mm GW ND 


mi. q 
Oy Ch 


fü print (53 üsten); // K% 


fn. prinbé'a5»(s: k'a str); // EF 
fn debug(lvl: uint, s: &str); // 46 
fn debug«'a»(lvls uint, 83 &'à SUE); // EF 
fn substris: str, until: uint) -> &str; // 26 
Em substr<"a>iss &'a str, until? uinti => Ela skr; // EF 
fn get str() -> &str; // AFK 
fü frob(s: Ester, ti &str) -> tz? // AE 
fn get mut (&mut self) -> &mut T, // AB 
fn get mut«'a»(&'a mut self) -> &'a mut T; // RF 

. // 8% 
fn args<T:ToCStr> (&mut self, args: &[T]) -> &mut Command 

II RF 

» LIL ALOE Ae Dp ISILOSSLCEP(&' a müt Seli, aras: &'D lil) > Se MC 
Command 

. fn new(buf: &mut [u8]) -> BufWriter; // 48 

. fn new<'a>(buf: &'a mut [u8]) -> BufWriter<'a> II RK 


LİLTTİLİLİLİİ 5-39 UNLU nunu unu unu 
ÇE) 
EZANİNİ 
A AN 


A 
ULULNULULUL 


LI 12 00000000000000000000000000000 mut selfl jii 


LİLİTLİİLİİLİİLİLİLİLLİLLİselil İTİTTİTİİLİİLİLİLİLLİLLİLLU 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ15-3 AE 


10002-40000000s-S3600000Oget part 


GE «I OA LN yu Set bo E 


Ko 


LA Ka $ ES 
GA Po e OD e 


14. 
B ud 


. fn main() { 


t [derive (Debug) | 
struct Foox'a> 4 
parre p'a SEC; 
| 
impl<'a> Foo<'a> Í 
rn split firstis: &'a str) => &'a str | 
s.split(',').next().expect("Could not find a ','") 
| 
fn hewis: &'a str) -> Self | 
Keo (part; Poo:tsplit first(s)] 
| 
rh get part (@selT) -> SSLE | 
self.part 
| 


let words “ String::from("Sometimes think, the greatest sorrow than 
older"); 
let foo = Foo::new(words.as str()); 


println!("[:2?2)",foo.get part()); 


T 


000005-40000000Fooll0000O0O0get part $sett 00000 


Aself1100000000000000000000000000000000000000 


9.9.3 100000 


0100000000trait III IILI II IILI IILI 
Ta 00070000000000*00°00a 0000 
 TIrait+][]a 01001000000Trait[]trait11007000000000°0 


LU Lina OUOU 


00009-41 0000000000000 
0009-41 000000000 


use std::fmt::Debug; 
# [derive (Debug) ) 
struct KETE a, Te "'a»i(s'a I); 
La, DELELETS (LE Tj 
where 
T: Debug, 
{ 


© =] O) Ül Y G NM P 


DALAĞIRIL” “LL E LE 1:27”. TI) 


KO 


) 


LU. En print rerc”e, Pi &“a T) 
11. vhere 

La, T: Debug + "a, 

kü. d 

İçi prıntini(" print ret y t is 1:7)", E); 
15. ) 

16. fn main() ( 

Le. let x = 7; 

1,9. ket ref x = Ret (ax); 

15. print rer(&ref x); 

SR, print (ref 3)? 

El. J 


00005-4100000000000Ret00000000070000000000000000 
100001 DUDU Oe 0000700000000000000000000 Ga 
00000000Ret0000000000000a 000000000000printfprint rett 
000000000000O0print ref]100000000000000 

100000 İİİ 
10000000000000000000000T static [II III LI I III! 
[static [I] 000000000static [II ILIILIIL IILI IHardcodel|[IUI[ | 
LİLİLİLİLİLİİ 

Rust 201500101000005-4100000T00al]0 UU 
OO 


5.5.4 Graul [110000 


OOOOtrait]0000trait1000000000000000000000 02-42 000 
00005-42[trait/]1000traitf]10000000000 


Ls 
2 
3 
4. 
o. 
6 
7 
8 


9. 
19. 


trait Foo {} 


Struct Bar<*ta> 4 


“ SUM 132), 


ımpl<'a> Foo for Bar<'a> 1) 


fn main() { 
let num = 5; 
let box bar = Box::new(Bar { x: &num }); 
let obj = box bar as Box<Foo>; 


OOOO 5-42 UU Bart TU trait Pool 8 OUL 
Box new NOU Bari TTLİTİTLİSİTİLİİİtratifillBoxllFoollİİTİLLULU 


OUT 


0000trait (0100000000000000 

: trait[ 00000000 Istatic[] 

 00O0Otrait 0000 8a X ana mut X1000000000 al] 
 0000trait] 0100070 0a00000000000 al] 
 0000trait]000000001T00a0000000000000000000009-451] 


OU 


00005-4 30000000 tratt 000000000 


—À 


e 10 OO — O) VI BEN 


© 


trait FOGS a fl 

struct Foolmple€' as 4 
s: &'a luszl, 

) 

zmpic"a” Foo«'a» Tor Foolmpli<*a> 4 

) 

fn foos'a»(s: &'a [u32]) => Box<Foo<"as> 1 
Box::nev(Foolmpl { s: s }) 

) 


fn main() 1) 


0000 5-45 DBBBEBBEBBEBBEBBEBEDBexmFeoem nan 
trait[ / İTLİLİLİLİLLİLİİLEİstaticlİLİLLLİLEtrait FooflliHFoolmpifiiLiSli 
a [u52]1100100000000 trait DOIDIDUCIDOULCBa HIO 
LiLiİflltraitl DE TTT Boxt Pool Tal UU BoxT Foot Ea ED] - aL ]E] 
dond trat (Nun Luna IILI III Istatici TI 


9.6 10000000 


LİLİLİLTİLİLİLİLİLİLİLİLİTİİRusti Tİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİLİLİL İİ İLİ İLİ İLİLİL İT İLİLİT İLİTİLİLİL İLİLİLİİLİYİLİ 


Lİİİ11115-4:41 TUTTİLİLİLİLİLİLİLİLİLİLİLİLLİL 
0009-44 0000Box FP 000000 


la fn main(){ 

BER let x = Box: :new("hello"); 

da let y € x; 

4. // error[E0382]: use of moved value: x” 
24 FF prinelm CUT IT I 


O J 


000009-44 0000 x 0000000000y0BoxJTOÖHOOÖOUOOOOOOODU 
LOIDEIEI BODIE EIS -49 DELI 


10002-4200000000Box[ TT) 


le Tn main): 

2: let a = Box::nev("hello"), 

3 let b = Box::new("Rust".to string()); 

4. let c = xa, 

— let d € xb, 

o. OEIAEINt ("132 2,4 

T5 // error[E0382]: use of moved value: b. 
8. TZ Deine te 2277, Bİ? 


9 } 


00005-45000000000a060000000000000String(0000albOl 
00000000a0000000600000000a000000000000000000b000 


stringll00000000000000A 


00000000000Box[IT0000deref00000005-46(100Box[!TOOO 
deref IT 


LLI115-4611BoxlİTİTTİdereflİTİTİ 


1 impl<T: ?Sized> Deref for Box<T> { 
z type Target = T; 

3. fn deref(&self) -> ST { 

4 &**self 

9 ) 

6 ) 


[III derefl TİLLİİTİSTTİLİLİİİLİLİLLİLİLİLİLİLİLİLİLUİLİLİLİLLİLLİLİLL 
0000000 9-45 00000 a 0 b 0000000000000008'100000000*al] 
*b00000*a.derefl]1*1b.deref]001000Box[!T0000000000000T 
0100000000000000000000000000000 00000005-450b60000000 
HU 


HUO Bozi TAO “UUB COO 
[trait DereiMovel]]1100000000000000000000Rust UI 
trait III III LIBoxI TI] [| 


LUCODELIS -4 7D CIO ROT EDIHA re YT UDO 
LDODEIS -47TLRCUTTEEArcETEUCDUUUCDG 


Le use Star rO IRG? 
2. use Statteyncs Arc; 
fn main()( 
lee r = Bor:new("BEust".to steingl)); 
let a = Arc::new(vec![1.0, 2.0, 3.0]); 
// error[E0507]: cannot move out of borrowed content 
// let x = ”r, 
|f seintinl (Tso). mış 
// error[E0507]: cannot move out of borrowed content 
0. // let f — ”foo, 
1 


— 7: OO € ÖY Gi 4 8 


LILİLİLİBoxlTİTİLİLİLİLİLİİİLİTİLİLİLİLİLİLİLİİİİİLİLİ5-451111Boxl İTLİ 
UU 


Lİİ1119-4311Boxl HI I II I 


1. +[lang = "owned box"] 
2. pub struct Box<T: ?Sized> (Unique<T>); 


Box[]T0000Lang Item[]]]owned box[]000000000Box [TOO 
0000Box(]T00000000000000000000 bool (0000000000000000 
0100000000000 Lang Item NUNUA 


Box[]10000000000000000000006ox(100000000000005-490] 
HuBoxl ILinevvl1Rci iLinevvl JArc[ || Inew [00000] 


HLLL5-4911Boxi iLinevvi IRc| | innew| JArc| || new; III 
impleT? BOx<T> 4 
pub in newix: T) => Box<T> | 

box x 


) 


1 

2 

3 

4. 

sA } 
6 impl<T> Kett» | 

7 pub fn new (value: T) => Rc<T> | 

8 unsafe | 

9. Be 1 

10, ptr: Shared: :new(Box::into rav(box RcBox {})), 


Li, ) 


13. ) 

14. ) 

15. rzmpl«T» Aro<T> 4 

16. pub fn new(data: T) -> Arc<T> { 

17. let x; Box > = box Arcınner£ {}; 
18. } 

19. | 


QOD000000005-4900 0 000000000000 0000000000 000000 
box[1110100000000box İT İLİLİLİLLİRusiİİLİLİLİLİLİLİLİLİLİLİLİDA PIN 


box[]00000000000O0exchange malloc[]00000box free IT 
00000000000002-20 000 
([0005-500box freellexchange malloci HOHO 
t[cfg attr (not (test), lang = "box free")] 
+ [inline] 


pubicrate) unsafe In box free<Ts ?51zed”(ptr: "mut T) | 
Heap.dealloc(ptr as *mut u6, layout); 


) 
t [cfg (not (test) ) | 


#[lang = "exchange malloc" 


OO vel dO Gl se te BO E 


WO 


ES. E A “3 
O PDP e © e 


[inline] 


e unsafe fn exchange malloc(size: usize, align; usize) <> “mut us | 


Heap.alloc(layout)... 
“ İ 


00005-500000box freellexchange malloc[]000000000000 
0000000000000Lang Item[000000000box free[ijii ii idealloc|| 
[exchange malloc[]01000alloc00000 


9.6.1 [UUUURcITTI 0Weak[ TL 


00000reterence countingl]0000000GC00000000000000 
Rust ]IHORcLILOOOOODOOOOOODOODODOGCOOORust0O00000000000 
LİLİLİLİLİLİLİLİLİLİLİ? 


Rust LİLİT İLİLİLİLİL İLİLİLİLİLİLİRel TİTİTLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİ 
ODC cH L 
LİLİLİLİL İF İLİLİL İL İLİLİLİİ İT İLİİLİLİLİL İT İLİ İTLİLİL İT İLİ LİLİT İTİLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
Rey POD OOO IILI IILI Rusi IILI IILI III II 
10005-51000 


LUCIDE -9 1İİRciTTİTİİ 


d use Stati: re: eke; 

2 fn main() í 

d let x = Rc::new(45); 

i. let yl = x.clone(); // 2420584] mir 

5 let y2 = x.clone(); // Xi Ait 

6 printlint ("{i:2p", Ro:igtrongq count4(8x) )7 

7 let w = Rc::downgrade(&x); // Je 2m 35 5| A Tr 2C 
a. printlnl("l1i2", Re: ¡weak count (SKI)? 

9. let YA = gig // it 3k 

D, prinblnii(i"i1P", 100 = *x)5 


Lle d 


ReOTOD0o0do0 sta tre ri sse bd p III II III ILIR 
3110000000x004000200000000clonef00000000000000000000 
LİİTLLİLİİReTİLstrong counti]00000000000S0000000 clone U] 
LİLİLİL İL İLİLİL İL İİ İLİ İLİ İLİLİLİL İL İLİ İLİ İLİLİL İLİTİLİLİL İİ İLİLİLİLİTİLİTLİLİ 

LI Leben bab dad EID OUT downgrade DUT 
LİLTTLİLİLİLİLİİVVe ai [IILI LIL Ce Too ooo ooo ooo 
HOUUOUUOUUUU 00 Vveakliflilililli ROIUDUUDUUReDUU 
strong count (JUNUNULNULNUReLiweak countf]1000000000 

LİİTATITILILILLIRciTTTİ” TID" DOUT Wea ka TOOOODO 
LIE IWeak[]ITI III ILIIILI IL LI II 2000 


00005-22000Weakf)T1000000000000 


l. use stds: re:<¢Re; 

2. use std::rc::Weak; 

3. use std::cell::RefCell; 

4. struct Node | 

9. next: Option<Rc<RefCell<Node>>>, 

6. head: Option<Weak<RefCell<Node>>> 

Te d 

8.  impl Drop for Node ( 

9. fn drop(&mut self) | 

10, printin! ("Dropping!"); 

14. ) 

12. ) 

13. fn main() ( 

14. let first = Rc::nev(RefCell::nev (Node { next: None, head: None ))), 

13. let second = Rc::new (RefCell::new (Node ( next: None, head: 
None })); 

16, let third = Rc::nev(RefCell::nev (Node ( next: None, head: None })); 

ld first.borrov mut().next = Some (second.clone ()); 

18. second.borrow mut().next - Some(third.clone()); 

15. third.borrov mut().head = Some (Rc::downgrade (&first)); 

20. ) 


000005-5200Nodel]00000000000head0000000000000 
Node[ [next 0000000000Nodef] 


[11400016000000000000 ext head] 00000Nonef] 


011700second(]0000000000000000 ErstO]next00000frst[] 
second] IL] 


[11 500third00000000000000000second[ next[]0000second 
(burg ITU 


TTT 9Q0third gd dogo 00000000000 first head Ono 0D thira[] 
first UU 


0000006-800 





015-8000Weak0T0000000000 


0000005-2200000dropil0000000000000000000000000000 
A A A İTİ IILI IILI IILI III IL: 
LİLİLİLİLİLİLİLİİ IILII III 


5.6.2 THILLULLCGell TT ]JRefCell fTİ) 


Rust NLULULNULULUULUUUNU UNLU ULU 00000000 
1000000000000000000000000000000000000000000000000 00 
0000000000000000000000000000000000 0 Rust[0]00Cell TON 
RefCell/T00000000000000000000000000000000 OI Interior 
Mutability(10000 

Cell TTT) 


LİLİLİTTTİLİLİLİRustl İLİ İLİLİLİLİLİLİİLİLİLİLİLİLİLİStructl HUUU 
00000000000000000000000002-23000000CelmT0000000000 
OI 


00005-23000Cell/T00000000 


use std::cell::Cell, 
struct Foo | 
Xe 192, 
y: Cell<u32> 
) 
fn main()( 
let foo = Foo { x: 1, y: Cell::nev(3)), 
288886 EE ke TOOR); 


© Jo OT A Q N HR 


LO 


assert eq EE yu get); 
kü. foo.y.soti(5); 

1. assert 69:15, 100.V.96C (1): 
lee d 


00005-230000000Fooll0000xu32000y(0Cellfju320000 
mainf]000000000000 tool]000000000 9 00000 oe ITT ell 
Liu 3 2000000001 0O00000set İLİLİLİLİLİLİLİLİYLİLİLİLİLİLİLİLİLİLLİL 


00CellT0000000000000000000set/get000000OPOOODOO0O 
setter/getter [000000000000000000Cellr100000000 set/getl 
00000000000000000000000000000Cell0T0000700000000000 
LİLİ 

ID el ITT I ILIITTI J U Copy LIU T HOO D g e CC OUT UO 
LLULLgetlilİiiiT TLİ İİİ İDİ TTTİİTİLİİİİsetl OTI 
Cell T000000Rust00000000000000Copy0010000000000000 
LCopylLiLLTİULİİTİget mutf0000000000000Rust0 0000000 

00 CellfT00000000000000000000000000000000002-4900 
00000000000CelloT00000getset00000000000 

RefCelli TTT) 

000000 Copy HTLLLLNCeliTTİLLERLLRust THERefCell TET ]E] 
HUO oo UU C op y IBIBIBIBIBIBIS -54Q000000000 

HUUU5-54RefCell TI III 


1 use std::cell::RefCell, 

2 fn main () í 

3 let x = RefCell::new(vec![1,2,3,4]); 
4 DEIDLIBnl(l"1:7]"., X.DOEIOWi)); 

5 x.borrow mut().push(5); 

6 Princ ee; X DOr row A Js 


7 3 

RefCell[TIT][]D[]borrow/borrow muütluLL3LU CelTuLget/set 
000RefCellT0000000000000000000000000000000000000000 
010000000000000000000000000000000000 panic 0000 EIS -9 51] 
LİLİ 


LES 550mm] RefCettr rli bind ipanic 
d use std::cell::RefCell, 

2 fn main() { 

3 let x = RefCell::new(vec! [1,2,3,4]); 

4. let mut mut v = x.borrow mut(); 

” mut v.push (5); 

6 // thread "main" panicked at "already borrowed: BorrowMutError', 
7 // let mut mut v2 = x.borrow mut(); 

8 


| 


00005-55007000borrow. mutf]00000000000000000000000 
QODADOOO O Rust 000000000000000000 main 00000000 
0000600000000000 

Cell TOO RefCellT0000000000000000000000ATORCUTOO 
HHLLUU5-49HULLMULURcLİRefTC ellFfTTİLL$CeliHTLMRefTCel fTHLULL 
UI) 

- Cel TO] O O set/get [1 D] D] HL BE D U D. DU] D RefCellQTY OU 
borrow/borrow mut[]0000000Ref |] TO0ReiMutT000000000 

: Cell T000000000000000Copyl]0RefCellT00000000000 
IT opw 

: CellfT10000000000000000000panic[]00RefCellT00000 
010000000000000000000000000000000000000panic HUOO 


0000000000000000000000000 Cell] T00 RefCellfT000000 
LİLİLİLİLİLİLİLİ TİLTİLİLİLİ İLİYİ 


9.6.3 [| LICow[ TL 


OUT Copy on Write[|[ II ILILI LI pp ECCE Linux 
LİLİLİLİL İF İLİLİL TİL İLİLİLİİ İT İLİ İLİLİL İTİL İTİ İLİL İT İLİLİİLİT İT İLİLİLİLİL İTİL İLİLİLİL İLİ İTİLİLİLİ 
OD TİLİ” GUO Rust UU! 
UTC owl TOL 


CovvtİTULULLULLULULLULULLLULULULULLU 

- Borrovvedl OHOOO 

: OwnedQUO0UU000 

O Option TODO On Option TAKO” Cow TL 
HOOD DL D UL 


Cow IILI ILILILILILILILILILI IILI ILILILILIL LIL nunun uni 
000 HCovviTTTİLELDeref (I IILI ILILILILILILILIL IILI ILI LIL ILICowl TOOD 
LİLİTİLİLİLİLİLİLİLİLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİ 9-9 6l TI 


LİT1195-5611CovvİTİTİ | 


CO sl O) O 4 CO NN EL 


N N N HH RF REF kä p p p PD © 
DH OW O — DUB (Q) NP CO: 


use std::borrov: :Cow; 
fn abs all(input: smut. Cow<[132]>) 4 
ror 1 10 Bess Inge lent) d 
let v = inpütlil, 
IE EOS 


input.to mut() [a] = -v, 


} 
rm abs sum(nss &[132]) => 132 4 
let mut lst = Cow::from(ns); 
abs all(&mut Ist); 
lst.iter().fold(O0, lacc, &n| ace + n) 
) 
fn main() { 
// ZERATRER, MARRA 
Let si = [1,2,3]: 
let mut il = Cow::from(&sl[..]); 
abs all(&mut 11); 
OELAELAA (INS 1851", BL? 
PELHELAL (OOPS 1271", 11); 
// LATER, kk 


23. // ER: SUR CAE ALERT MAIT 2. 


24. //s2 1- i2. KWE, s2 XX, FRAME 
DS s let 82 = [1,2,5, 48, 51? 

26. let mut i2 = Cow::from(&s2[..]); 
is abs all(&mut 12); 

28. priüpln!(t"rNi 1771", 821? 

28 w priaclal (“QU 1:71", 22); 

20. / [iX VR ALIE, WALII MAMAA 
31. LEE SS, VIA TEO 
əə let mut vl = Cow::from(vec! [1,2,-3,4]); 
33. abs all(&mut vl); 

34. printini ("INZOUTs 1:73", vl): 
35. /(/RATRER, MABA LE 

a. let $3 = [1,3,5, 6]; 

S. let suml = abs sum(&s3[..l); 

38. primbln5ti" 1:2 " 8314 

38, SLEG Les Sul 

40. //XZ49Y7XĞXĞ, MARAT RE 

41. let sá = [Ll,-3,59,-—5]7; 

42. let sum2 = abs sum(&s4[..]); 

43. Brimin. C ii? 941) 

44. prinrtlhni(t"T)", SUM); 

45. I 


00005-2600000000abs all TUTE Oow 
LES 2 İLLİLİLLİLİLİİLİİLİLİLİLİLİLİLİ10 00000[0to. muti OOOH 
Labs eum las alli IU IILI Dd 


000170002100000000s101100011000Cowt]JOtrom[]0000000 
[]|]j&mut 11000000abs all1000s10000000000000000000:t0 00 
0000000Ito. mut140000000000000000200002100000000 
ENE ls 2, 4 
OUTS ip A. 33 


000250002900s2000000000000000abs. ar JEREEIIB UID TL 
DO to mut [ito mut [JII IILI ora III 


LİLİLİLİLİLİLİTİLİZ 80002 90000000 
IN: (1, 2, 3, -45, 5] 
OUTS İl; 2, 3, 45, 51 
[132000340000v100Cowt!lC000000000000000000Vecl POL 
LLlllllabs allİTTLHiTTİLİİLİLLİLİtO mut0000000000000000000 
IN/OUT: [1, 2, 3, 4] 
03600039000000abs sumij000000abs all 
s311000000000000000 A AN 
[1, 3, 5, 6] 
15 
041100044 DIOSA 00000000000 0bto_mut İLİTİLİLİLİİLİLİLİLİLİLİLL 
HU 
[1, -3, 5, -6) 
15 
LİLİLİLİLİ15-5 611LİLİLİLİLİC o w ET nunun 00d 00d 00000000 
OTTO 
: CovvLİTİİİİİDereffll  İLİLİLİLİLİLİLİTİLİLİLLİLLİ 
00000 T UUCHT to mut UDO 
OOUHOUOOOUOOOOOOOOOOOOOOUTOOOOOOOOUDUOH muti NDUDU 
“ HLİLULTTULLELLLEİnto owned NAOT 0000 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİLİ TOO OOo 
Covvi TTTİLTİLİİLLİİLLİLİLLLİ 00000000000000 Token! DI 
HOHO tokeni NDOO tokeni Ej b iD] I IILI LI IILI LIL E es ert TE] 
LS eri gt NUHU owlll DUT -9 7000 
10002-57000Cowt!t00000000 


> © xl O) Ol y C RD E 


Ll 
— 


ə DO d E 
— <> XO X3 


PrP ja RPP = P= 
NOB WH = © 


e d 


use Stat: borrow: Si em: 
use std::thread; 
# [derive (Debug) ] 
struct Token<'a> í 
raw: Cow«'a, str», 
) 
impl«'a» Token<'a> | 
pub fn new<S>(raw: S) -> Token<'a> 
where 
or intbosvlows e. SEDA, 
{ 
Token { raw: raw.into() } 
} 
a tü dimi) 4 
let token = Token::nev("abc123"), 
let token = Token: snew("api..example.10".to string ()) ; 
thread: :spawn (move || | 
println!("token: {:?}", token); 
)).join().unwrap(); 


" 4 


HOUUU9-97 00000 Token ED ol ar str TE maa 


10000000 Astatic st String E p di; eer IDEE Cowtt 
al str JOOOODOOOOOOOOOOOOOOOOStringi HUUU 


000000 token 000000000000000000000000000000000000 


OO0main000000005-2õ0 00000 


10002-5800000000000000000000 


8. 


1 
2 
3 
4. 
3 
6 
7 


fn main() { 
let ray = String::fromi"aboe"); 
let s = &raw[..]; 
let token = Token: :new(s); 
thread::spawn(move || { 
printin!("token:s 122)", token); 
)))Jjoan();.unwrapüi; 


) 


0000s->8000000 


error[E0597]: raw does not live long enough 


9.7 10000000 


Rust[]EHELBHDBBDBE BOOTE HC HELLE S 000000 RustQOd00000 
trait ——Send[]Sync——10000000 


- 0000 T 000 Sendl]000000000000000000000000000 


“ UNLU OOO Sync a DUTOT 
LİLİLİLİLİLİLİLİLİLİLİİ? 


00000000trait]00000000000000005-2200000000000000 
00002-5900000000 


p= 


use std::thread,) 
fn main() { 
let mut data=vec![1, 2, 3]; 
TOE XL GB Dus. 
thread::spawn(move|| | 
data[i] +=1; 
II: 
) 
threads: sleep ms 90) 7 


= MO OO — O) VI BR W Nə 


O. 1] 


00009->9000000000 


error1E03821: capture of moved value: data 


7 | thread: :spawn (movel | | 
bo Se value moved (into closure) here 


8 | datalil +=1; 
| ^^^^ value captured here after move 
00000data[]0000000000000000000000000000000052-29200 
010000000000000000data[][0000000000 
RustliUUULULLLULLULLULLELLArclİTEİLMutexlfTUHRevvLocklTT 
Atomic TİLLİ 
: ArclİTTLLİİİİİTİİRcİTİTİLİ 
: Mutex T IO 
: RwLock[ TITIBDOODBBOOBDURetfCellr 10000000 reader TI 
writer) | 
- Atomic HUUUULMAtomicBoolLHAtomiclsizel AtomicUsizel 
AtomicPtr[]400010000000000 AtomicPtr (1101000000000000000 
TTC eil 
0100000001100000000000 


9.8 (11100000004 


Rust JE CEDE İLİ NULL nunu nunu nyan 
UNLUNL nunun ununun GOTT 


10002-60000000000000 


İL Tu TOO t'a (Xt C'a SLE, Vi g'a sir) => G'a SEE 1 
2. if x.len() 3 2 == O í 

3: x 

4. j else 1 

ef V 

6. } 

T4 ) 

8. fn mainiji 

9. let x = String::from("hello"); 
10. let 2j 

Ek let y — String::from("vorld"), 
12. Z = foo(&x, &y); 

Ld. DEIBEINI (ep Wy 


14. y 


00005-60000000000001 200U& yO 
000001 00001 10000000000 


LİLİLİLİLİLİL LİL İLİ OOOO nn 00000000 Rust 00000000 
HODOBIEIEIODOUUIEIEID ULIS -6 OETEIEIOITTY DEZ 0000000000000 0000000000 
LİLİLİLİİ İl İLİL İL İ İLİLİİ İT İ İLİLİT İLL İLİLİL İL İTİLİLİLİLİ Xİ İTİL İLİLİLİ İ İzT İLİ İYLİLİLİLİLİLİL? 
12[H]Syluiifooliii iU LI IILI 0d 000000000000 00000000000 
ITT IILI İLİLİL İİ İİ İZİ İT İT İLİLİLİL İLİLİ İTİLİYLİLİLİLİLİL İT İLİLİLİLİLİL İTİL İL İTİLİLİLİ 
LİLİİ İLİLİLİLİL İL İİLİİ İT İF İLİLİTİXİ İTİ İTİLİT İL İTİYLİLİLİLİZİ İLİ İLİLİL İL İTİLİT İL İL İLİLİT İLİTİLİLİ 
HU 


OOO BOO OOOO OOOO OOO nn 000 000000000 Rust 
DODODOD O 00D 000000000 Rust TillRust 2018000000000000000 
0 HNon-Lexical Lifetimel INLL (0000000 


LİLİMIRITTTİİ 


010000 Rust AULA 
LİFİİRİİTİTİLİFİİRİ TİTLULİTLLİMİRİ TİELLİMİRİİLEVM İRİİLLİİLİİLİLİİLİİ 
LİLTLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİİİDA S TTİLİİLİFİİRİİFİTRTİAS T. I III) 


LILILILİLLLLLİLLİİLİLİ. AST HUOO dd 0d 000000000000 
MIRI] 


MİRTTTİİİ Control Flow Graph[¡CFG [|[|[ IILI IILI II 
Don DAG OOO AD O On O IILI ILILILILILIMIRIIIIILI IILI II! 
LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİİLİN ELLA nunun yun pul 


MIRTTULLLLLLİLL 

- D00 QBasic Block bb [11100000000000 

>[] j Statement] 

> NIO Terminator 

00 YEocal TU 0000000000000000000000000000000000 
00000000 20000 OTTO 

00 OPlace [(1000000000000000 10. 1.11] 

: D0 ORValue [111000000000000000000000000000000 

LİLLLMİRİTİTİTİLLLELLƏ-6 1000 

00002-6100000MIRUOODU 


Es En Maint) i 

PM let a € 1; 
de a + 2; 

4. ) 


00005-61000play.rust-lang.orgi |UOMIRUHOOODO0S-62000 
O0002-620000MIRII 


1. // MIR Bä 

2 fn main() -> (){ 

3 let mut 0: (), // BBA 

4 scope 1 ( // SES EMAR, CORA Xa 
2. ) 

6 scope 2 ( // a B CYMtERJÓÀ 

7 let 1: i32; 

8 ) 

9. let mut. 2: 132 // VERÁ 

10. Let müt 3» 1327 

dəl Let mut. 42 (132, bool); 

12. bb0: { — // Xm 

m. Storagelive( 1); // 156), RREK, LLVM H ERIRE |a] 
14. ol = const 1132; // Jada 

UNGA StorageLive( 3); 

16. 3-2 1; // teen Re 

17. / / MAT Md AME, AAG BES, 

18. // EF move KK move EX, 4322 B CAMARA Copy 

LƏ. od = CheckedAdd (move 3, const 2132); 

20. // Ba, MBAR, FTL bb1 R, HAAN 

21. assert(lmove ( 4.1: bool), "attempt to add with overflow") 
WA > BEL 

Ada ) 

24. bbl: ( // San 

23, 2 = move ( 4.0: 132); // MAR, BIER move 

26. StorageDead( 3); // 89, RATER, LLVM ATA RAZI 
27. StorageDead( 1); 

28. return; I // BY] 

23, ) 


3D. | 


0000 9-6 2000005-01 000 MIROOOOOO O A 000000000 0000000 
LHULULUULLLMbbollibb 1[ i IStorageLive[]StorageDeadi || JL ILILIU IU) 
O0O0OOODOOOOOOOOLLVMILLVMOOOOOOOOOOOOOOOOOOStack 


A A AS 
dropliLLLLİLLİLİLİLİLLİLİİİİİİdrop flag[ 

III III ODO UU 

` LILILILILILILILILILILILLILLİLİLİS cop ei lbi iG ] Cmm iD OE E DIETE 
000000000000000ashared|/unig| mut] İlvaluell [| Ila 00000 
00OOshared|unig|mut [(10010000000000Ivalue NANDO 
LİLİLİLİLİLİLİLİ İİLTİL. 


- 00000000000000000000000000000 MIR 000000000000 
MIRDOOOOOOOOOOOOOStorageLivef]dropO0 

00NLL000000000000000000000000000000000NLLOOOO0 
oooooooRFe İLİ OMIROOOOOO000000000000000000MIROOOOD 
00000000000000 He! n 

NLLOOOOOO000 

Rust 20180000000NLLOOO00005-6000000Rust 20180000 
0000000NLL.00000000000000000005-63000 

00005-630NLLOOOO 


fn capitalize(data: &mut [char]) { 
// do something 

) 

fn foo() 1 
let mut data = vec!['a', "b", 'c']; 
let slice = &mut datal..l, 


— O) NM A € N x 


capitalize(slice); 
8. data.pushií'd')s 
d ) 
10. fn main() {} 


HOUUUS-6 30020000000 shice iD] iD ea pita ze IT 
capitalize [110000000000000000000 mut data[]000100000000 
00push(00000000000000000000000 «mut data[]000100000000 
foo[]10000000000O0dataf]0push(100000000000000000000 


UOO0Rust 201500000000005-6500000000000000000000 


LİİTİNLL/ TTTİLTİLLİTİLİLİİ5-6 400 
LİTİL5-0411İNLLİTTİİ 


L. Struct List<T> 4 

Li value: T, 

3; next: Option<Box<Llst<T>>>, 

4. ) 

2. ES, to reis<T>(mur list: Smur LISTIS) -> vec«kmut T» 4 
6. let mut result - vec![]; 

Ti loop { 

8. result.push (&mut list.value); 

9. LE let Some (4) = LisSt.hext.es MUE) í 
(äre? list = n; 

İl, } else { 

Lə, return result, 

13. ) 

14. ) 

19: J 

16. TA Mind) 


000005-6400000oopi0000000004mut list.valuellliliiiL 
ITU et 201500000000000000 
LİLİLİLİLLİNLLİ TT IILI III 


DOUN LLOOOUOOOOUOUOUOUUUS-650UL 
LİTİLİƏ-OSLİNLLİTTİİ 


T. fn main() { 
Zi let mut x = vec![1]; 
3. x.push(x.pop().unwrap()); 


4. ) 


LİLİLİ1115-6511LİLİLİLİLİİİN LLİ İTİNLLİ İLİLULİLİLİLİLİLİLİLİİİLİLİLİLİLLLR 
000000000005-6500000000 


error[E0506]: cannot write to x while borrowed 
| x.push (x.pop () .unwrap ()); 
| 2 LIII AAAAAAAAAAAAAAAA 
| | | write to X occurs here, while borrow is still in active use 
| | borrow is later used here, during the call 
| "x borrowed here 


LİLİLİLİLİİLİLİLİL İİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİN LET TLİTİLİLİLİLİLİLİLİLİLLİLİLİLİ 
RRE 


2.9 [U 


LİLİLİLİLİLİLİLİLİLİL İTLTİTLİİRusti TEIEIETD DICIT Rusha 
DDD OOOO OOOO OOOO nn nu Rusi IU! 
LİLİLİLİLLİRusilİ1CopyliLitrafti VTT 
LİLİLİLİL İİ İLİLİİ TİL İLİLİLİL İT İLİ İLİLİL İTİL UU İT İLİ LİLİT İLİLİLİLİLİL İT İLİ LİLİT LİL İTİLİLİLİ 
LİLİLİLİLİLİLİLİLİLİLİLİLİL. 


Rust İl İLİLTLİLİLİLİLİLİLİT İİLİLİLİLİLİL nunun nu unu nyan 
LİLİLİL İLİ İLİLİİ Tİ İLİ İLİLİİ İT İL İLİLİLİL İT İL İLİİLİL İT İLİ İİLİL İT İLİLİLİLİL İTİLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİL İL İLİLİL İL İİ İLİLİ İİ İLİ İLİ İİİ İL İLİLİL İLİ İLİLİL İLİ LL LL 


LİLİLİLİİ İTLİ İLİ İLİLİLİL İLİLİLİLİ DUDU 
LİLİLİLİL İİ İLİLİL İİ İLİLİİ İT İLİLİLİLİL İTİL İTİ İLİL İT İL İİLİLİT İLİLİLİLİLİL İTİL İLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİİ O OOOO OOOO nn nn yu Rustobpob0D0000 
A 
LİLİLİLİLİLİLİLİİ 11 TLİ İL O İLİL İLİLİLİLİİ LL İİİ İL İL DDD OA 
RustiİLİLİLİİLİ İLİLİL İLİLİLİLİLİLİLİ ETE ETT IILI EID uya ua uyan 
UNUNUNUNUNon Lexical Litetimelf]1100100000000000000 


LİLİLİLİ İTLİİRusti TETEDJDICIDIETD 0000000000 0000000000000 Rel] 1 
LİLİLİLİLİLİLİ İLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİL OOO Rust İİİ 
Re[TEHDUGDUTLWeakrTEUHBBD DO d p pO ETCCCID CCCII LR us CC T 
00000000CellT0]0RefCellf1000000000000000000000000000 
ASS A A 
LİLİLİLİİİLİLİL 


LİLİLİLİLİLİL İLİ LL nn Rust ununun 
LİLİLİLİLİLİLİL İİ TD TC İTİ TİLİİLİLİLİ? 

OOUOURust 2018 TİİLİİLLİLLİİİLİLİLİLİLİN E.ECOBUIBOIDICOU CILE 
LİLİLİTLİNLLİ TTLTLRusti T TİİLİLİLİLİLİLİLİLİLİLİLİLİLİN LLİ İTTLİTLİİLLİİLİLİ 
III 


HUW Rust Ny et 


[1] https://github.com/rust-lang/rfcs/blob/master/text/2094-nll. md 
[2] https://rust-lang-nursery.github.io/rustc-guide/mir/index.html 
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LİLİTİTİLTTİİLİTİİİİ 


Rust İl İLİTİİ İLİLİ LİLİT İLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
CA A ira pl ii LI III! 
traitUUOOUDODODDUOODODDUDODTIDODOODUDODDDDUDODODODGEON 
A A AA 
LİLİLİLİLİLİLİLİLİLİLİLİ 00000000000 Rust Lu unu 


0000000000000000000000000 LISP 000000000000000000 
0000000000000 Python Rubyl]0000000000Haskell100000000 
00CPUG00000000000000000000000000000000000000000000 
00000000000000000000000000000O0000O000OElixirt]Scalaf] 
Swift [O00O0LISPOHaskell[00000000000algebraic data type] 
000000000000000000000000000000000000C+-+1Javal]00000 
0100000000Rust0000000000000000000000000000000000000 


LİLİLİLİLİLİ İLİLİLİLİLİLİTİLİLİTİLİİİRusti nunun unu nun 
OOL 


6.1 [L 


000000000000000000000000000000020000000000000En[ 
UI t QUL 


10006-10000004 


// x XJ Ñ 
fn Line namolarğl? use; I: String) > Vec<us2> 4 
/* PAK / 
} 
// AR Raw identifier ies AEF AV BAS! (Rust 2018 MA) 
fn r#match (needle: &str, haystack: &str) -> bool | 
haystack.contains (needle) 


) 


© 09 Jo Ib ( PO E 


LÜ. fn maint) 1 
oE; assert! (rfmatohi"rfoo", "toobar")):; 
12, d 


00000 6-1 000n 0000000000000000000 Hsnake, case UI 
LİLİLİLİLİLİL İL İİİ İLİ İL İT İL İL İLİLİLİLİLİLİLİLİL İİ İİ Tİ TİTİLİT İTİL İL İLİLİLİLİLİLİLİLİLİLİL İİİ? 
DE Rus HUUU 
LİLİLİLİ İLİLİ İİ İLİLİ TLİ IIB 

ODC TbRust 2018 
000000000000000Raw Identitiert mo] 0(0000000000000000000 
LİLİLİLİLİF PTEEITIBEIICDIEIUIE Rus CTETEHEIEI CIO DIE CIE DIETE 111116 
RRE 

LİLİLİLİİ İLİLİİ İLİ İLİLİ İLİ İLİLİL İL İLİLİ TLİ İLİT İLİ İLİLİT İLİTİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
LİLİTİLİLİİİİCopyliİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİİ 
LİLİLİLİL İİ İLİLİİ İİİ İLİLİLİLİ İL İLİLİLİL İT İL İLİİLİL İT İLİ İİLİT İT İLİLİLİLİL İL İLİ İLİ İLİ İTİLİLİLİ 
III 

LİLİLİLİLİLİLİLİLİLİLİLİ İİ İRusti İLİLİLİLİLİLİLİLİLİLİLİİLİLİLİİLİİLİİLİLimut 
LİLİTİLİLİLİLİTİLİLİL16- ZAIT ou UI 


00006-2000000000 0 mutt 


fn modify(mut v: Vec<u32>) -> Vec<u32> { 
v.push (42); 
V 
) 
fn main()i( 
let v = vec![1,2,3]; 
let v = modify(v); 


CO € O) YI A Lu N FP 


DOLL ilet. Vi 

) 

00006-2000modity(]1000000000000000000000000000000 
main[[100600000000v0Vecl]ju320000000O0modity(]0100000000 
00000100modity110000000000000000000000 mut (00000000 
ULUNULUNU NN main ETE TDIEIEIETIV TEE BICIEI Na utii 

DEUrme-Spd ci BED muti 000 

00006-3000000000 muti) 


Ko 


modify(&mut v); 
prtin?” 7” 225 13: Ayp d] 


Ls Tü modify iv: &mut. (4321) 4 
2 v.reverse(); 

Sa 4 

4. İn main() { 

Fa let mut v = vec![1,2,3]; 
6. 

pp 

8 


) 


06-30 modity OOOH «mut [u32 100000000 
LİLİLİLİLİLİLİLİLİLİ mut (0000 main 00000000 05 UU VU 
A 


6.1.1 0000 


JOB DO DO DO OD OD OD OD O ODO O DD OO don do 
[variable shadowlI[ [IL IILI III IL IL LIU LIL ILIL16-3[ IL Imodity 
LİLİTLİTİLİLİTLİİLİTLİTİLİTİL. 


error1E04281: the name modify is defined multiple times 


LİLİLİLİİ İLİLİİ LAL LALA İİİ İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİL İLİLİLİLİLİL. 
LİLİLİL İİ İLİ İL İLİLİLİLİİ İİ İT İL İL İİLİLİLİL OTTO 
0006-4000 


00006-400000000000d0000d00000 


1 in £0 1 DE TE 

2 fn main() { 

3 ECs 14 E 

4. { 

5 mil 7” 

6 tn 20) I orme } 
7 } 

8. ER YA 2 

9, tn 24) 1 printr("2")s | 


Lu, j 


00006-40000002320]0mainf]009000000000main00000000 
110100300080000200600000010000main(000000000000s 0000 


ER 


6.1.2 10000000 


00000000000000et0000let0000000000000000000000000 
UDO OU 


010006-500000000000 


i 


R MO 0 sl O) LI BEN 


# [derive (Debug) ] 
struct. S 1 2% 132 | 
fa Etre? s: S) 1 


printini("I:p)", Ss); J//O0x7ffddl364b580 
) 
fn main() ( 

let s = S í i: 42 }; 

EDIT 

// prlnbtiniil"is:2) 5,8934 


İÇ ke) İİİ) 
00000ref000lret mutlref muti NAO 
p+00000000000main10000000000000s000000000 


Lllreiliref mutl000000000000000000000006-6000 
010006-60000000000 


fn fooi > 152) 4 


fn main() { 


1 
2 
Ju ) 
4 
5 gl e Le 102374 


6 ) 


DUDU trat JUU 
LİLİLİLİLİLİLİLİ LİLİT. 


Rust I] let IILI IILI Tuple HUOO 


HU 


010006-7000000000000000 


Ls 


8. 


2 
3 
4. 
9 
6 
7 


LT SWeD(ix, VIE Ke, 321) => (132, SEE) 


) 


(y, X) 


fn main() ( 


) 


let t — ("Alex", 18), 
let t = svap(t), 
assert eqi(t, (18, "Alex")), 


Q0n00de-70000swapd0dDg 00000000 0000000 0000000000000 
LİLİLİLİTİLİLİTİ İİLİTLİTİLİTİ. 


6.1.3 10000 


Rust İl İLİLİLİİLİLİ LİLİT İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİ 
LİLİTİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİ16-3LİLİLİ 


LİTİ1116-STİLİTİLİİLİTİLİLİLİİİLİ 


1 fn addsub(x: isize, y: isize) -> (isize, isize) { 
2 (E En = y) 

3 } 

4. İn main() { 

5 let (a, b) = áddsubi5, 3}; 

6 Princ ast 13721, Bi dir An DS 

7 ) 


LILIL16-öİllladdsublİTİELULLİLİmainliİİİLetliliİLİLLLLLL 
00000000000allbt] 


Rust [JUU []return III 
OO0Oreturn(0000000addsub[]0000000000000000000000000000 
010000000000000000retumiJ000000000006-2000 

00006-9100return[ [00000 

ls ipi SOGO tax uz, DE 002) => Hs 1 
if b == Ü f return a; } 
return gcd(b, a $ b); 

) 

fn main() { 
let g = gcd(60, 40); 
assert eq! (20, 9); 


00 SI O) oF 0» N 


. 5 


00000 6-9 0000 ged 0000000000000000000000000000 
a%b100000000b0a10000000006000000000000000000000Ha[ 
0000000gcdO0Olii-else(10000000000000 


0100020000000000000°0*000000diverging function TI 
LİLİLİLİLİLİLİLİ İLİ. 


6.1.411111 


Rust LİHLTİLİLİ LİLLİ İLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİİLİ 6-1 Ou 
00006-10000000000 


use std::ops::Mul/ 
tn. squares]: Mule, Vukput=Ioo ln: T, vw; WV) — T 4 


x My 
} 
ER maiad) 4 
Let a: 492 square(37, 41), 
let b: £64 souareto/.z2, 41,1) 


— 


e o. 


assert eq! (a 
b, 1528.92); // RRMA RAT EA ZA 


© 00 —J OF OOS Q) Bb EP 


— 


assert eq! 
10. J 


00006-1000000000000sguare[ 0 000000000000O00O0000OOT 
00T0000Mul trait100000000Mul000000000000000000000000 
000000000000000 Mul trait10000000000000000Output=TI 
000mainf100000000i520tc401000000000000000000sguarel0 
LitiLilTilİ1squarel 00000000 0000000000000000000000000 
1000000000000000000000000000000000000000000000000 00 
00000000000500000turbofish(]10000000000006-1 1000 
00006-11000turbofish[ TL 


il. Use Stadaisopst:Muis 
Za. TH SGGATESTA MUIST. OUEBUE = Toter T. yt 1) == TA 


a x M D 

4. ) 

50. İn main() ( 

6. let a = square::<u32>(37, 41), 

ə let D = aquare? ?€r£3271(37.2A, 41.17; 
P assert egila; 121777 

9. desert “q db, 1928491997 

Lü. 3 


00006-11006000700lturbotish(1101001000000000000000000 
0a0b0000000000000 


6.1.5 10000 


Rust TU DUDU 
LİLİLİLİL İF İLİLİL İİ İLİ İLİLİİ TİL İLİLİLİL İT İL İLİLİLİL İT İLİLİİLİT İLİLİLİLİLİL İL İLİLİLİLİT İLİ İTİLİLİLİ 
OOOO LU 


10006-1200000Userl00g000 
00006-1200000Userl HAU 


1 # [derive (Debug) ] 

2 struct USSE 4 

E name: &'static str, 

4 davalar urls s”statıc str, 

Ds ) 

6 impl User ( 

7 fn show(&self) ( 

8 println!("name: {:?} ", self.name) ; 
9. printıni (“avatani oy "Ó, BGlE.SCVAESE Del); 
ER, ) 

ilẹ 4 

12% Ln melt) A 

baa let user = User { 

14. name: "Alex", 

15. avatar url: "https://avatar.com/alex" 
154 5: 

12. // User: :show (&user) 

L9, user.show(); 

19, ] 


HUOU6-1 ZU Usel IE HEU EU lnamel avatar uri 0000 
impl[J[][]Usert][]EHshowt]EDBDHL self poself don Usert jp bL 
&selfl ITU 


000000main(0000000000show1]00000018000000000 user 
0000000 show [user 00 show DOUT Uluser show []UL 
UserliLishovvTiSruserllİİLİUULULULULU”LULULULUELUULİLELULELLULLL 


6.1.6 (000 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİL İİ İLİLİ İLİ İL İLİ İLİ İLİLİL İLİLİLİLİL İLİTİLİLİLİLİLİLİLİİL. 


LİLİLİLİL İF İLİLİL İİ İİ İLİLİİ İİİ İLİLİLİL İİ İL İLİLİL İT İL İLİLİLİT İT İLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
LİLİLİLİTLİLİLİTİRusiİ İLİ İLİ unun Rust III! 


EES s < Ul de (o fə E 


WO 


RRP ka kä jp 
Mm WHO P O» 


01000000000000000006-134000 
00006-1 3000000000 


Lu mathicps EAT LIZ, 138) => 232, di 222, Da 152) - 1324 
op (ar b) 

) 

11 gumla: 132, 92 13%) - 122 4 
a + b 

) 

fn prodsucUulss 1227, D: 132) 2 Laz 1 
a * b 


) 


e fm maini) 1 


let (a, b) = (2, 3); 
assert eg! (math (sum, a, D); 5); 


assert eq! (math(product, a, b), 6); 


pO 


LOnde- 15D Tb math ii He pU En DES 21113 2E HET 


152110000000000400060000000000sum DE 7 0009 0000000000 
product] main | asum product TTT root DI VTT TT 
000000000000 math (000000000000000000000000000 


DDD OOO 0ORust000C/C++100000000 OOOOOOOOOOOOOOL 


UI AT 


0006-14 00000 


1 fn hello() { 

2 prineln! ("helle tuneslen pointer"); 

3 ) 

4 fn main() { 

ve let in Pres ERI) = ASLLOS 

6 printind ("{sp}", En per)? // Ux562bactb9tf80 
7 Jet etier In = Nello, 

8. // println!("(:p)", other fn); // 4E:83k454t 
9. hello (), 


dech s other fní(); 
LI, fn ptr(); 
JS, (Lil PCE) 07 
ə J 


00006-140050000000000000000000000!et0000000000000 
in00000000000000hello(0]00000000000600000En. orl III 
ULULNULULLL 


000700let000000000000000000080000000000000000 
other fn[]0000000000 
error [E0277]: the trait bound 'fn() {hello}: std::fmt::Pointer is not 
satisfied 
8 | printini("1:p)", other fn); 
T7İ..ÜÜÜrv— "S the trait ‘std::fmt::Pointer is not 


implemented for `fn() {hello} 


000000000000O0other fnİTİTTİTİLİLİnİİİ (hello + 0000000 
hello[][1000000000000000other in00000000000000000000100 
LİLİLİLİLİLİ 


LILILILILIL16-1311Lİmathl TEL pU En TS 2113 21-13 20000 
(OUT Lm ein İT LLlmathlilililililisumllproductlILİLLİLİLİLLİLİLİLİLLİ 
LİLİLİLİLİLİLİLİLİLİLİİ? 

1000000000000type00000000000000000000000006-1s[ 
OI 


00006-15000typel0000000000000 


O EW N PE 


type MathOp = fn(132, 132) -> 132; 

Lu mathon: Mathon; ar 132; DE 132) => 1321 
DrintlinbLil"i14p]' op) 3 
op(a, b) 

} 


0100000000000000000006-16000 
00006-16000000000 


type MathOp = fn(132, 132) -> 132; 
fn math(op: &str) -> MathOp { 
fn Suita: 162, Dt 19%) => 132 | 


| 


a + b 


in produotlas 102, Bi 12) 218% 1 


| 


a * b 


match op { 


sum", 


"sum" => sum, 


"product" => product, 


> 


println! ( 
"Warning: Not Implemented {:?} oprator, Replace with 


sum 


zl. EN main?) 1 


22: let: (ay D) = ör 31! 

20. ler sum = math it" sum j? 

24. let product = math("product"), 
20% let div = math ("div"); 

20, assert eq! (sum(a, b), 5); 

21% assert eq! (product (a, b), 6); 
28, assert eq! (div(a, b), 5); 


22.3 


UOUU6-1 6000 math OHOOO mate ha 00000 
LiLilililisumlilililisumliTiLİLİLİLİLİLİLİproductliillliiproductlİİİİİİİTİTi 
matchfillilsumi]product[]11101000000000000000000000000000 
02500000000div(]000000000000warningil0000OsumioOOdivt] 
UU 


000000 math 000000000000000000000000000000000000 
6-1 7000 


00006-170000000000000000000 


CO. —J O) UN de WS P H 


Ko 


Lbs 


PR kä RP PP P= 
WC BW N m O 


EE Sümfa:ı 132, Bi 132) -> L32 f 
a = d 
} 
Lü neogducL(d$ 132, Di 132) = LIR 4 
a * B 
) 
type MathOp = fn(i32, 132) => 132; 
rn tation? GƏTİ, as 132, Di 12342) -> MaLHOD < 
match op { 
"oum" => sumta, b), 
S5 productia, D) 
} 


- | 


ə En maint) 1 


let (aş B) = (2, 3)2 
let sum = math("sum", a, b), 


} 


LILILIL16-1 [JLI IILI froot DI 0match0000 
Sum ja bali product ol IDETTE 3 ZH UCM atb vol 
LİLİLİLİL İLİLİL İİ İLİLİİ İLİLİLİ İİİ İLİLİTİLİ 


UDO 8000 
Q0006-180000001 00000 


1. İn counter() -> fn(132) -> 132 { 
Pm In AMAS 122) €” 132: d 
3 n+ 1 
4. ) 
2 inc 
D. ) 
7. İn main() { 
Ba let f = counter(); 
ə assert eq:4Z2, T(1))? 


LU. J 


LİLİLİ116- 1 e jd t QUO nunun unu uu nunu 
6-1 9000 


LLI16-19111counterilTTİTTİTİTİi 


1. İn counter(i: 132) -> fn(132) -> 132 | 


2; In. incini? 1323 => 152 1 
3 n + i 

4. ) 

D ineo 

6. 1] 

7e “EM marini) 4 

8. let f — counter (2); 

9. assert eq! (3, £(1)); 


bz. 


010006-19000000000 
error[E0434]: can't capture dynamic environment in a fn item; use the || 
{ ... } closure form instead 
> 7 n ti 


Rust To IT od II IILI UE ceun ter ETTDID ERI DIEI DIEI 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİ TLİ İL İLİ UU 


6.2 [IL 


00 0Closure [11000000000000000000000000000 0000000 
E 00 TİTİLİLİLİLİ İT İTİ İLİTİLİLİLİLİİ? 
LİLİLİLİLİLİLİLİL TD TC İTİ İİLİ L 

1000006-13000000000000000000 1000000000000006-201] 
UU 


10006-2000000 


fn counter(i: 132) -> Box«Fn(i32) -> i32» ( 
Box::new(move |n: 132| n + 1 ) 

) 

fn main() { 
let f — counter(3), 
assert eq! (4, £(1)); 


PO SF (2 N PR 


ə ) 


LİLİLİLİL16-20TİLcounterf İ TTT TT Post! OUT II IILI! 
(UO Rust 201800000000000000impi Trait 000) impl 
Fn[liš2[-0i520100000000BoxITO000 

000020000 /a0i32/(n+1 00100000000000000000n400500000 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİYİLİİİ 1 OLUN nn nunu nu unu nun 
TUTE) move TİLİLİİLİİLİLİ i LLILILILILILILI II III III 
L 1 TİLİLİLİLİLİLİLİLİLİLİİLİLİİTİLİİİ 

0000000000 Fnl1i3211-11 132 (100000 F 000 Fn 000000000 
tn[]i32[]-0li3200000trait11000000000000000 


[main00000s000t00Ocounter]30000000000000 000 
counter[]110100000s0006000411100000000000000040 


LIT 

“ LİLİLİLİ TİLİLİLİL İLİ İLİ İL İLİ İLİTİLİLİLİL İLİ? 

- LİLİLİLİLİLİ LİLİLİLİL İLİ İLİLİL İİ İT İLİ İLİTİLİLİL İLİLİLİL İİ İİLİLİLİYİLİİ? 
ODC T'huet! HUUU 


6.2.1 1000000 


RustlİİTTİTİTİTİİRubyLİLambdal Iİ TİLLİ 211 
UU006-2 1000000000 


1 fn main() { 

2 Let aga e pas: 7132, De laz] => 2 2 Tb + 
B assert eqi (add(1, 2), 3); 
4 


LİLİLİLİLİLİ LİTTLİLİ İLİLİLİİ İT İL İLİLİLİL İT İT İL İLİLİLİLİL İT İLİ İVİLİLİİ İT İTİL İTİLİLİLİTİLİL. 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİ İLİ İL İLİ İLİ LL 


let add = la, b| -> 432 ( a tb); 


LİLİLİL İL İLİLİL İL İİ İLİLİ İİ İLİLİİ TLİLİLİL İTİL İTİLİİLİYİLİ 


let add = la, bl a + b ; 


100000000000000000000000000 000000 
let (a, b) = (1, 2), 
let add = ll a + b ; 


LİLTTİLİLİLİLİTİLİLİLİLİTİLİLİLİLİLİL16- 22 
10006-22000000000000 


fn vall) => 132 T 5 | 

fn main() { 
Let add = Jav Ent) = 1565 tb, cil IT EB UB; 
let r = add(val, (2, 3)); 
assert edlir, 1077 


) 


LİLİL1116-2 2TİLSLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLLİLLİİ 
LİLİLİLİLİLİLİLİLİLİLİLİİİİİLİRust HUUU S 20000000 
LİLİLİLİLİLİLİLİL. 


A A 2 30 
00006-230000000000000000000 


fn main() { 
OC 61 || {}; 
let o2 Il th; 
let v = [cl, c2]; 


ÖY UT A WwW N P 


UCI EW N m 


1] 


10006-230000000000000000000O0O0ÖOOOOOOODOOOOUWUUwOOUUU 
LİLİLİLİLİLİLİLİ İİLTİL. 


error[E0308]: mismatched types 
9- d let v = [cl, c2]; 


| NA 


expected closure, found a different closure 


LİLİLİLİİ İLİLİLİLİLİLİLİLİİ TİLİTLİTİLİTİL. 
6.2.2 (0000 


1000000000000000000000000000006-2400000000000000 
UL 

D0006-24 0000000 

1. fn main() { 

zə let EL = || FRrIHEln! {Fim a slosure” ri? 

3 ) 


10006-24000000000 
error [E0308]: mismatched types 
3- || let cl : () = || (println!("i'm a closure")), 
io AAAAAAAAAAAAAAAAAAAAAAAAAAAAAA expected (), found 
closure 
= note: expected type () 
found type "[closure@src/main.rs:3:19: 3:49)” 


UJUNUUUNUUUNUUUNUUUUNUUUUNUUUUUUU 
Iclosure@src/main.rs| 13111911311491 00000000 Rust (100000 
1000000000000000000000000000000 

OOO0Rust]000000000 00000000000 Rust HOOD HOOD 0000000 
10000000000000000000000000000000000000000000000000 
100000000000000000000000000000 

000000000000000006-100000]|Ja+b 41000000000000000 
0100000000000000000000000000000 Rust 0000000000000000 
000000000000000000000 UBoxed [100 00000000000000000 
RustlİİTLLV MT İTİTİİLİTİTİLİTİTİTİLLV Mİ 00000000000 


Il { a+b} 


captured variables pointer 


fo HD 





161000000000 


HUO Rust İİİ İLİLİLİLİLİLİL unu nunu bunu yun 
[JUnboxed HAO Rusi TTT 


LİLİLİLİLİLİLİ İİ TEIL TIL 

* LİLİLİLİLİLİLİLİLİLİ İTİL. 

* LİLİLİLİLİLİLİL İL İLİ İLİTİLİLİLİL. 
 0000000000000 self «self | mut sedili 


00000000000000000Itrait0000000000000000000adbüell 
d00000000000000 
Eryşcaııisa, 15, €, d) 
FnMut::call mut (&mut a, [De Es 77) 


EHORnCE€: ¿Call OnCeta, (Dy ©; Gy) 
Rust0000trait]000EFn]FnMut[]FnOnce[ |J00Rust000000 


000006-25000 
0006-2510 Fn[]FnMu||FnOnce 00000000 


#[lang = "fn once"] 
#[rustc paren sugar] 
# [fundamental] 
pub trait FnOnce<Args> { 
type Output; 
extern "“rust-call” fn call onde (self, args: Arge) -> Self: sOutput; 


GÖ « Gh CE ds God a E 


| 
(Lang = "fn mut"] 
#[rustc paren sugar] 
. * [fundamental] 
. pub trait FnMut<Args>: FnOnce<Args> { 
extern "TüSt-dalı” In Call mütisüut sell, args: Arge) 
-> beli: Output; 


m= FY © 
hos. 


) 
. #[lang = "fn"] 
. #[rustc paren sugar] 
Q #[ fundamental] 
. pub trait Fn<Args>: FnMut<Args> { 
extern "rust-call" fn call(&self, args: Args) -> Self::Output, 


— $£ pa. $£ LL Ll [pL a 
KƏ OO — GO OL 45 OC m 


NO 
Cu 


e) 
LILILILIL16-2 5000000000 trat gg gd 0000000 
0000000Hang=/[|fn/fn. mut/fn oncelll (100000000Lang 
Item[0000fn Hin mut [[fn once [101000000traitf] 
0000000 Iruste. paren sugar) (]0000traitQ00000000000 
100000000000000000000000000000000000000000000000000 
0000000000F0Fnflušf[]uš]]-[jušf) UNUNU 0000000000000 
HR 
0000000 fundamental] THTTSTLLEULELLLLtraitl O 0000000 
III IILI B oxt III tra ti ITT TG n ETE IE trail 
III db trat 0000000000 
 FnOnce[]0000self10000000000000000000000000000000 
1000000 
: FnMut 0000 «mut self10000000000000000000 


 Fn000008self10000000000000000000000000000000000 
OO 


OOOOOOODOOOOOOD trat nunun unu unu DICTI DIETE 
10000000000000trait nn nunu unun unu nunun 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİLİLİİLİLİLİLİİİ16- 2611 


10006-26000000000000 


l. *![feature(unboxed closures, fn traits)] 

2 struct Closure { 

3 env var: u32, 

4 ) 

5. impl FnOnce<()> for Closure í 

6 type Output = u32; 

7 extern "rust-call" In call once (seli; args: ()) => uz 4 
8 printin! ("call it FnOnce()"); 


3. selr.env var + 2 

10, ) 

Li J 

12. impl FnMut<()> for Closure { 

19; extern “rüst-call" in call mt (émut self, args: ()) > uaz | 
LA. printin! ("call it FnMut()"); 

15. self,env yar + 2 

16, } 

bj. 3 

18. impl Fn<()> for Closure ( 

19, extern "rust-call" fn call(&self, args: ()) -> u32 | 
20. Brite! ("Ball IE nl)" 

2 s Self env Var + 2 

22: } 

22. ] 


280 ER GALL ek: Ini] -> u2»5(f5 SE) -7 132 4 
29. f 0) 


Z6. | 


241. fn call dt. mat<Fy EnMut() => u3Z-(f: &mut E) => u32 | 
28. EE 

4 d 

AD. EA GALL SE BEE EHUBCAQ ia LES E) => US2 | 
öl, f () 

dö ə 4 

395, In Mall 1 

34. let cay Var 13 

35. let mut e = Closure { env var: env war F; 
o sağı 

31: e LAR 

3B. ©. Ball MECO)? 

39. escall once): 

40. let mut e = Closure 4 env Var? env var iç 
41. { 

42. assert, edi (3, Gall 10166) ); 

43. ) 

44. { 

45. assert eqi(3, Gall it mut (smut cJ; 
46. ) 

47. { 

48. assert eg! (3, call rt onceile)); 

49. ) 

dd. | 


IN 0 5 6-26 0010000 feature 0 0 [] O [feature 
Hunboxed closures|[|fn traits|]] ONULULULLULUNightiynLLLi 


020000000Closuref]000000000000000000000000000000 
FnOnceliFnMuiliFnlHltraitll 


2400032 000U0call itficall it mut[]call it once[]00000000 


ULULFnOnceliFnMutliFnliUlitraitHiULLLULLLULLULULLUClosurellil 
TU 


LlmainlİİTİLİ1551İİLClosurelllİLİİLLİLLİİLenv vertido cit] 
LİLİTİLİLİLİLİLİLİLİLİLİLİLİLİtrattl 00003 SHUHUDA 


1000000000006-2 7000 
10006-270000000000000 


Le Gall. LE Eni) 
2 call st Enti) 
Sa Gali TE HOMUETLI 
4. call it FnOnce() 
3 Call IE Enti) 
6 call it FnMut () 
7 call it FnOnce () 


0046-2711 00000006-260013 ep ied Dp D DE EDI chaa Fn 
trait(]]00call10000000000000000000000000°00°00000000000 
RRE 


extern "rust-call” Tn call(&selt, args: ()) => 432 


uHUexterntilUHUin UUL9UUUHUBENUABIHApplication Binary 
İnterfacellLLİLLİLİLİLİLLİLLLLRusti TTlrust-call ABIT 
LELLLLİLLLULLULLLLULLLLEULLULLLUİL FnllFnMutliFnOnce TİL 
trait [110100000000000000000000000000000000000000000000 
LILILILILIrust-call ABINUUUUUULU 
HOUOUUOUOUUOUU rust-call ABİTİTİTİHLLLLİ 6-26 Y 1 00000 
unboxed closures[][][] 
00006-26(0537000539000000000000callf|call mut[]call once 
LİLİLİTİL İL İLİ Tİ İTİ İTİ İT İTLİ UU OO args İT İLİYİ İTİ İTİTİLİTİLİTİLİ 
006-27002000400000 
00006-260040000000Closuref]00000000000590call once 
0000000000c00000000000000000 0 Ocall oncef]00000self] 
00006-260041000490000call call it mutf call it oncell 
OOOO trat HUOT tra? III 
F: Fn() -> u32 
F: FnMut() -> u32 
F: FnOnce() -> u32 


LİLTTİLİLİTİTİLİİ16-2 70050 00700000000 
00006-2600000000000000006-251000 
00006-280000006-260000000 


1. fn main() { 
let env var = 1; 
Let c= [| eny var + 27 


assert eq! (3, c()); 


OT A W N 


) 


0000 6-28 TİTLE e Haedui 6-26 Hipp trait TELL 
Closurelf iLiLicll 


10006-26000000000000Rust0000OO00OOOOOOOOOOOOOOODU 
OOL 


LİLİLİLİLİLİLİLİLİLİLİ trait 1 TTLİTTİLİLİİLİİLİLİL trail IILI IILI II 
01006-29000 


010006-29000000000 


fn main() ( 


let env var = ış 


1 
2 
ou let c : Box<Fn() => 132>= Box::new(||{ env var + 2}); 
4 assert eqi(5, CJ) 

ə 


) 


HUUU6-2 9003 000000000000 oxYF n -ERS 2D ETE] erat 
LİLİLİLİLİLİLİİİtrattT T TE] 


6.2.3 100000 


HOUUUUUUOUUUOUUUUUUOUUUUUUUFn U FnMutFnOnceNL 
trait TE UI II II İT İLİLİLİLİLİLİLİLİLİLİİLİLİUİLİLİLİLİLİLİLİLİLİLLİLLitraitl JE] 


100000000trait00000000000000000trait [00000 

: Fn 00000000 İİİ İLİ İİLİLİLİLİLİLİLİLİ LİLLİ UDO 
LİLİELİİLTİTİİİSselif) 

: PnMutlİT Lİ İLİ İİİ İİİ İLİ OU OOOO 
000000000000 mut self 


: FnOnce İİ TTİT İTİ İTİL İLİ İLİLİLİLİLİLİİLİLİİLİLLİLULİLİLİLİLİİ 
00000000000000000000000se!t[] 

USHUHUDA 

: LİLİLILİLİLİLİLİLİLİLİLİLİLİLİİS THO 

* LILİLİLİLİLİLİL İL İLİ İT İLİLİ İLİ İLİLİL İLİTİLİLİLİYİLİ 

- OOOOOOOOOOOOOOOOOOOOOOOOOOOOODO0 «mut THOU 

LİLİLİLİLİLİLİTİLİLİLİLİİLİLİLİLİLİLİLİLİLİLLitraitl UU trait 0006-2000 


FnOnce 
FnOnce 


FnMut : FnOnce 
Fn 2 FnMut 





16-2/HiFnilFnMutiiFnOncellULL3uL 
116-2 TILLM FnHFnMutlIFnOncellUtrattT1ULLMUMFnMutuLu 
FnOnce[] bo FnMut00000000000Fn000000FnMutl[] 
FnOnce[|JUUUUFnMut (IL FnOncelQUUUUUUFnOnceQU0UL 
HFnMutliPnii 


LİLİLİLİLİLİLİİLİFn 
LİTTİLİLTİLİİLİ6-301İTİL 
00006-3000000000000Fn 


1. fn main() ( 

>. let s = "hello", 

cr let c ili prinbtinili"[s?1", €) + 
4. 


5. c0; 
D. orinbinTiti: r", mls 


LEIEIEIEI -5 OE TBEIEIDEIEIDEISTTEIETEE EIE EIE DUE DEED EIE CHIEDI III 
00s0040005000000000c00600printin(100s0000000000000000 
A A ÇO) 
printin[]00100s00000000000000050000s000000000000000000 
LİLİLİLİLİLİ 


LİLİLİLİLİTİLİcL Tİ İLİLİLİİF n ETE Tera rc HUUU 


LiLLİFnLİTİLFnMuiiFnOncelflliHLİLiLilil16-30TİLLLİLİLLLİLLLLİ 
UI tra! IEEE nE]EPn Mut] ]EnOncer b II IL m6-3 11111 


00006-31000006-3000000000000000trait000 


1. #![feature (unboxed closures, fn traits) ] 

Ze Struct Closure<'až | 

Ja env var: &'a u32 

4. ) 

5. impl<'a> FnOnce<()> for Closure<'a> | 

6. type Output = (), 

Tis extern "rusct-oall" in call ence(selr, args: (1) => Q | 
8. PELILLE! ("1:8)%, BSelf.snv var); 

- ) 

LU. } 

11. impl<'a> FnMut<()> for Closure<'a> { 

12 extern "Xust-dall" In call mut.(amut seli; dtğsı 0) -> U 4 
12. printinl("1:2Y", Self.ehv var); 

14. ) 

Lia d 

16. impl<'a> Fn<()> for Closure<'a> { 

1.3 extern "rust-call" fn call(&self, args: ()) > €) { 
18; printlin!("[:?]", self.env var); 

19, ) 

lw j 

21. fn main() | 

Le y let env var = 42; 

22: let mut c = Closure{env var: 6env var), 

24. c(); //42 

23» 6.0811 met!) da /7 42 

26. c.call onge(()); // 42 

Als | 


000006-3100000000000Closuref]Ja 000000000000000000 
0000000000000000000000000000000000 mam 00024000000 
000c0000000000Fn0000call10000000000 Fn0000000 FnMut [| 
FnOnce[]000 25 000 26 0(000000000call mutlJcall once] 


000000006-3000000000000000call mutllcali once UI 
006-32000 
00006-320000Fn0000000000call muti call oncel|| 


1. #![feature(fn traits) ] 

2 fn main() { 

3 let s = "hello"; 

4. let mut e = 111 printlul("1:271"y 8) ke 
Ss c(); // "hello" 

6 c(); // "hello" 

7 CEALL mcd Oo? . 77 "hello" 

8. Q Call IAS 74 “hello” 

9. dz // "hello" 

10. DALA 607 JJ "hello" 


ide | 


n0006-32001 000000 Efeature[]fn. traits[]] (000000000 
trait[]|][]j]7call[]call mutficall once00000000000000000000000 
[IEEE L6 - 3 000 


LIC aoa muti IILI alt mut000000000 
OOL 


LİLİTSLLLİİLLİLİİF ni TTcallTTİTLULELLLLİLLİeL 
00070000000call mut Ib ib ii I 


UULSULULULLcall once[]0000000000000c00000s00000 
Copyl]0000000FnOncef]00000Copyll000Ocall once ITU 
c00000000090000000c000000000000c000000000000000 
call once[]0000000 


110000000000s00000c000000Ocall mütllcall once HOHO 
LİLİLİL İL İLİLİL İİİ İLİ İLİ İLİ İLİ İL İLİ İLİ İLİLİL İT İİİ İLİTİLİLİL İLİLİLİİLİYİLİ 


LİTTİLLİİLTİLLİFnOnce 
1000000006-354000 
00006-3300000000000Fn Once 


1. fn main() í 

2 let s = "hello".to string(); 

34 let c = || s; 

4. c(); 

e // c(); // error: use of moved value: "ei 

6 //ferintinl 177)", a)? // error? use of moved values “s” 
7 ) 


0100006-33000000s0Sstringll000000000000s0000000 E GTC 
UU chuon Oe 
LİSLİLİİ İL İL İL İL İLİLİİ A OOO 
00000000000000000000000000trait0000000selt00000000000 
[jPnOnce[]TDeL rst b i pp D IILI LIC LIL IsI III IL 


DEIEBEIEIEIEIEIE Pn On ce HUUU 
0000000000 FnOncefllİLİLİLİLLİLİİLİLİLİLİ call [] call muti NDOO 
6-34 00 


00006-340000000FnOncefl000000000callf cali muti 


1. #![feature(fn traits)] 

2, tim maint) 1 

KÉ let mut g = "hello".to stringi)? 

4. let c = || s, 

5. B) 

6. // error: expected a closure that implements the “FnMut” trait, 
Ta / / but this closure only implements “FnOnce” 

d. t 8. ALLEE 

9. // error: expected a closure that implements the 'FnMut trait, 
10. // but this closure only implements “FnOnce” 

Lİ, ff Call mut((717 

124 // c(); // error: use of moved value: 'c' 

13. // println! ("(:?)", s), // error use of moved value: `s` 


14. ) 


LiLiLiL16-34111131iLilililililililimuti NAO 


call muti 


00c00000FnOncell0000080001100000000calit|cali mut 
LİLİTİLİLİLİLİTİLİLİLİLİTİLİLİLLİİLİİFnOnceltl 


01000000000001 2000 ee III! 
StringTiLiLİ İT İLİİİLİTİLİLİLİLİLİLİLİLİLİLİLİcl HOO 


OOmoue[]000000Fn 


Rust LİLLİ İLİLTİLİTLİİİİ move ITT 
LİLİLİLİLİLİLİLİLİLİİLİ16-3 5000 


00006-35000000000000000moüel]00 


1 fn main() { 

z let s = "hello"; 

2 let © = move |11 println!("I:?])", s) Js 
4. C(); 

B C(); 

6 princin: ("isr p S94 

bi ) 


NO 6-3 511 İLİLİLİLİsSLİLİTİLİLİİLİLLİmovel İ İTİLİLİLİLİLİLİLİLİLİLİLİS İLİ 
LİLİLİL İL İL İL İLİLİİ İT İLİ İLİLİLİİ İst İLİ İLİLİLİL İL İL LL İTİLİLİİ İT İLİLİLİLİLİL İLİ İTİLİLİLİ 
00000c00000000000000000000000000000000000000008self[] 
&mut self]0010000000c000000000000085seli00000000000000 
LiLililimuti Uc IILI IILI TETE JC TEILTE ILL IEEE nL 


LİLİİ1116-36TİLİİİLİLİLİLİLİLİLİLİLİLİLİLLİLİİ 
00006-36000000000000000moüel]00 


1. fn main() { 

2 let 8 = ""hello"*.to string (|); 

a let c move | |í print al I", 77", s) $ 

4. CUT 

5 CU 

6 // println!("[:?)", s); // error: use of moved value: “s” 
7 


| 


LEO re-Sen psp D TUS tring ET] NAA move TTT 
LEIEIBSEIDBIDIDEIDID İC pd 00d 00d 00d 00d 00d 00000 
LİLİLİLİLİLİLİLİLİLİLİ” nL 


UUUmove [III IILI IILI III IILI İT İTİLİT İLİ İLİLİLİLİTİLİLİL? 
LİİİİL16-371 


00006-370moüef[]0000000000 


L. fn çalisir: Frabnce()>(£3 E) 1 El) | 

il fn main() { 

3 // KIA move 

4 let mut x = 0; 

2. Let AER 2 = || € f= 1j 

6 call(incr x), 

7 // call(incr x), // ERROR: “incr x” moved in the call above. 
8 // WA move 

d. let mut x = 0; 

10. let iner x = move || x += 1, 

Li, call (1ner x)? 

12, call(incr x); 

18, // SIEBEN KALJA move 

14. let mut x = vec![]; 

L3 ; let expend x = move || x.push (42); 

18: call(expend x); 

17. // call (expend x); // ERROR: use of moved value: ‘expend x` 


184 j 


UULL16-3 7L) DD cali] ri Pn n cer] 00000000000000000000 
TUTE 

010040007000000incr zaa move TITTEN 
0000000cal11000000000000000000000incr x(100000000 

010090001200000000ncr x10000000O0movelj00000000000 
call[1000000000000000 

0001400017000000expend x[]000movef]00000000x00000 
0000000000000ca00000000000000000expend x1000000000 

0000006-570000000000movell40000000000000000000000 
0000000 Copy/Clonef VOOOOOOUUUUUUUUU0U0U0000000 
Copy/Clone[]000000000000000 


LİLİLİLİLİLİLİLİLİİİnMut 
LİLİLİLİLİLİLİTİLİLİLİLİLİLİLİİLİLLİLİLİİF Mut 0006-3800 
010006-38000000000000000FnMut 


1. fn main() í 

ds let mut s = "rush".to string(); 

3: { 

4. let mut c = ||{ s += " rust" |; 

ou c () 

6. cl); 

(E // error: cannot borrow s as immutable 
8. // because it is also borrowed as mutable 
9 rx pramtiu!t"isp". 57: 

AMG pa } 

Ll BEINE EN! (71 7247 E si; 


12, 3 
LİİİTİ116-36TİTİLİİİLİsİİLİmuti İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİsT İLİLTATILI 
UL cibi D DD DE ODE CDI DL mat ANHU 
FnMut[ pip Ea. mut”00000kmut self 
LİLİci İLİLİLİLİİ İl İLİLİT İL İT İLİLİİ İLİ İcl İLİLİLİLİL İLİ İİ is LİLİL İL İLİLİLİL İL İL İTİLİLİLİLİYİLİ 
SITT IILI IILI ISI iprintlni TTT TTT IT 11111s 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİslİLİLİLİLİLİLİLİ11 HAU 
000FnMutl00000000FnOncel00000Fn0000006-39000 


0006-39 0000 PnMut 00000 


L. *![#eatuze(trn 15316817 

2 fn main () { 

34 let mut s = "rush".to string)! 

4. { 

5 let mut c = || s += " rust"; 

6 et? 

] // error: expected a closure that implements the "Pn trait, 
8 PA but this closure only implements “FnMut” 
9. |f BEL) 

LU, ç gall once): 

Li, // error: cannot borrow s as immutable 

12 i Zi because it is also borroved as mutable 
13. II PLACA! 1212214, Si? 

14. ) 

15; Brineln! ("iay i" BIA /7 “rush rust tust" 

Los d 


HOUU06-39 100 900000 call niii app 
FnMut0010000000000call once 


LİLİLİLİLİLİ İLİLİ İLİLİTİLİLİTİLİFn 
1000000000000000000PFn0000006-40000 
10006-40000000000000000000 Fn 


I fn main() { 

2 let c= 11171 printlni("hhb") F3 
Ef GÜ? 

4 SA)? 


9e J 


Lİİ1116-4:0Lİ L LIC IILI IILI LIL ILI LI LImutii[ OOO 
LİLTLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİİLİLİLİİLİLİLİİLİLİLİİLİLİİLLİLİLİS-selililİLLLLLİ 
LİLİLİLİFnİ) 


RRE 
A AA 
- LILILILILİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİF L 


- LİLİLİLİLİLİL İLİ İLİ İLİ İİLİLİLİTİLİLİTİL. 

> LİLILİLİLİLİLİLİLİLİLİLİLİLİLİLİİLTmovel İTİLİLİİLİLLİLİLİ” ol 

> 11000000000000000FnMutl] 

* LİLİLİLİLİLİL İLİ İLİ İLİ İLİLİLİLİTİLİLİTİL. 

> TİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİmovel İl TİTTLİTİLİLİFnOncetl 
> LİLILİLİLİLİLİLİLİLİLİLİLİLİLİLİmovef (TTT nL 

> LİLİLİLİLİLİLİLİTİLİTİLİTİFnMuül 


00 move (11010000000000000000000000000Copy/Clonef] 
00000000 Copy/Clonel] 


LLIILILILILILILILILILILILILILIL tra III II IL 
6.2.4 İTİTİLİTİTİLİTİİ 


000000000000000000000Javascript[]Python[]Ruby(100000 
LİLİLİLİLİLİL İL İİ Tİ İLİ İL İT İL İL İLİLİLİLİLİLİLİLİL İL İİ TİTİİTİTİT İTİL İLİLİLİLİYİLİLİLİLİLİLİL İİİ? 
LİLİLİLİL İF İLİLİL İİ İİ İLİLİİ İLİ İLİLİLİL İT İL İTİ İLİL İT İLİLİİLİT İT İLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
GCLİİİLİLİLİLİLİLİEİTİLİLİLİLİLİLİİİLİLİLİC RUDI 
Rust{jUtraitUUUUUUUUUUUUUUUUUU Rust TİLLİ + HELL 
LİLİLİLİL İL İLİLİL İİİ İİLİLİİ TİL İLİLİLİL İTİ İTİTLİLİL İT İL İLİLİLİT İL İLİLİLİLİL İT İLİ İLİLİL İLL İTİLİLİLİ 
LİLİLİLİL İF İLİLİİ İTİL İİLİLİİ TİL İLİLİLİL İTİL İT İTİLİL İT İLİ İLİLİL İT İLİLİLİLİL İL İLİ LİLİT İLİ İTİLİLİLİ 
III 


Rust İl İLİLTLİLİLİLİLİLİL İT IILI IILI nunu IILI IILI IILI 
LİLİLİLİLİLİLİLİLİİLİLİİLİLİLLİLLİLİLİİltraftl nunun DICTO EIE 6 74: t 000 


00006-41 000000 read 


Le TO- boxed CLOSUTe (Cs &mit VEESBORSEFA (IA 


let s = "second", 

ssh (Bose: :mew(] | printin! (”rrest”)02: 

c.push(Box::nev(move || printlni("()", s))); 
(Boss HERF İİİ BELLE! Lu ea) ) 3 š 


} 


2 

3 

A 

Sa con 
6 

4 fn main () { 
8 


let mut c: Vec<Box<Fn()>> = vec! []; 


a boxed closure (&mut c); 
M fer t in € 7 
D. Elle // first / second / third 


12, } 
Lok d 


00006-41080000000000000000Vec[]Box[]Fnl10000000000 
00000000000Box[]Fn(100000Box[]Fn1100000trait00000000Box 
(7000000000000trait]0000000000000000003000000001trait 
00000000000000000000vtable[]00000000000000000000 4 000 
000000000000000000000 s000000000000000Giter. call 
00000000movefl000s000000000000000s000000000000000000 
000s0000 
000000 boxed closure 0Q0000000000000000 Hescape 
closure [[[000000000000°00'0boxed closure[]000000000000 
0000000000000000000000000000000000000 Onon-escape 
closure [||| 
00000000 
0000000000000000000Rust0000000000000000000Rubytl 
Python[1100000000000000000Rust0Rubyl100000any[10000000 
000000000000000000 
Rust] 
v.any(|&x| x == 3); 
Ruby] 
v.any?(lil 1 == 3} 


LUE EDERustECIE Ruby TT OTTTTTOTT 


LİLİLİLİLİLİtraiti İİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLLLİLİLLtraid 00000000 
Lilltraitl T İTTİLTİLİİ16-4 2TTLitraitl ITT Toni UI 


00006-42 trat TTT anyı li 


Ll. Use S5LOll0Dpst Ek 


2 trait Any { 

3 fn any<F> (&self, f: F) -> bool where 
4 Self: Sized, 

3 YA F: Fn(u32) -> bool; 

6 ) 

7 impl Any for Vec<u32> { 

8 fn any<F>(&self, f: F) -> bool where 
I; Self: Sized, 

10. F: Fn(u32) -> bool 

ll. { 

1. for &x in self { 

15. TE ELEK 1 

14. return true, 

1: ) 

16. ) 

iy false 

LS. ) 

19, 2 

20. fn main() { 

21. let v = vec![1,2,3]; 

22. let b = v.any(lxl x == 3); 
25: printiln Wa EDIT, bs 

24. ) 


LİLİLİLİ116-4:2Tİ1L111İlfusellLİLİLİLİLİLİLİLİTİLİ” ni DIETE era re TTT 
2 DUDU ra! TTT Amy pb pd Any 
Anyl|[itrait[]U IL onel UI UP team! Ubau 3 2(-bool fUUL 
100000000000000000000F0Fnf]u32[1bool]110000000000000 
Fn[]FnMut[]FnOncelfllltriat]00000006-4310000000000000000 
UU 


D0006-4S00000000000000 
fn Call<F> (closure? B) == 132 
where F: Fn(132) -o 132 
{ 
closure (1) 
} 
fn counter (i: 132) -> 132 { itl } 


m 


fn main() { 
let result = call(counter); 


assert eq! (2, result); 


e (0 © -10 VI FP W MW 


0. } 


000006-43080000000000000000ca11000000000000000000 
HlLicounterl İHLLFniİ 
0000006-4200300wheref]00Self 0 Sized 00000000 Any 
[trait110000000000000000000000000 
00006-42(107000impl0000Veclu32(100000any(0000000000 
0000000000000000000000000000O0true000O0Otalsef] 
[mainf000000000000006-421[12211010000000any100000000 
LİVLİLİLİLİ İL İLİLİLİTİLİT İİİ İİİ UO OUT) 
OOOO DODOO O O OOOO UNAL 00 Rusi HUUU 


1000000000000000000Itrait0000000000006-44 0000000 
6-441 (101 traitl III 


trait Any { 

fn anyiöşelr, Tr &(Fn(us2) <> bool)) - bool; 
} 
impl Any for Vec<u32> | 


QO sel O) UI ye CO DO E 


fn aHny(&Selr, ES 2m 2) > bool) ) > bool 1 
for &x in self,itert) { 
IT TUN) 4 
return true; 

9. ) 
LD, } 
115 false 
12. ) 
18. ] 
LA, En maiad ) + 
15; let v = vec! [1,2,3]; 
16% let b = v.any(&|x| x == 3); 
Li. PLACON 7273, Dis 
LS qe | 


0006-44 00000 trait HUUU 
000000 C++oO000000000000000d00000o00caliback[[: 

[Rust Web Rocket NAO 
[16-4 5101011 

LL re - 45D Rocket 000000000 


1. pub struct AdHoc { 
2 name: &'static str, 
3. kind: AdHocKind, 
4. | 
5. pub enum AdHocKind | 
B, T 
T [doc (hidden) | 
8, Request (Box<Fn (&mut Request, &Data) + Send + Sync + 'static>), 
CH 
10. | 
11. impl AdHoc ( 
LA, əs 
13. pug In on request<r> nane: &'static str, I? E] -> AdHoc 
14. where F: Fn(&mut Request, &Data) + Send + Sync + 'static 
15. { 
16. AdHoc { name, kind: AdHocKind::Request (Box: :new(f)) | 
i ey pA } 
18. ) 
19. impl Fairing for AdHoc { 
20. — 
Al, fn on request(&self, request: &mut Request, data: &Data) { 
2 a if let AdHocKind::Reguest (ref callback) = self.kind ( 
23» callback (request, data) 
24. ) 
23% } 
20: 
ATs Y 


HUUU6-45UU Rocket qmi mFairimgtnn ma ppp AA 
010000 

00010000 AdHocf]00000000AdHocKind[]0000000000000 
(Attach[]Launch[ ]Reguest[]Response[ [00000000 Requesti | JU) 


10000000 L] E] trait []LE]E] E] L] Box[]FEn |] kmut Request[] &Data[] 
+Send+Sync+[]static[ 


NUN1SUNAdHocNNUNULNon reguest((NUNUNUNUNU E BBDEI 
trait[]|]]|En[]&mut Request[|]&Data[|+Send+Sync+||static| |[ [J 
00000000000000000000000000000000000000000000 0 static 
01000000000000000000000000000000000006-460000000000 


00006-46000 static] | 

1 fn main() { 

2 let s = "hello"; 

34 let c: Box<Fn() + 'static> = Box::new( move||{ s;)); 
4 


} 


LLİİİİT1116-4611511Lililltmovelf OHOOO nunu 
0000s00000Ostatic (100000000000000movel00000000000000 
IO 

000000 6-45 0000 21 0000000 AdHoc III] Fairing trait UI 
Hon request OHOOO E let0000000000000000000000000 
(IO! 

LİLİLİLİLİLİİ İTİ 

LLL tratt UNLU UL nu 000000000 000000004 trait 
000000006-47000 

010006-4700000000000 
TR sölareli => BOx<Pn 1192) => X32» 1 

Box: :new(|il i*i J 

) 


fn main () { 


1 

2 

3 

4 

Sa let square = square (), 

6 assert eq! (4, square(2)); 
7 assert eq! (9, square(3)); 
8 


} 


00006-4 ZEE D DIDI EI DEED DCOIEICICIE] eret ]E]Boxr En ER S ZEIHER 52 
LEE man İ OTT 


0000 6-47 0000000 Fani pp pp Hp OD 00000000000 
LUE PnOncerriiiire-49 0f IL 


10006-4800000000FnOnce 


1 fn square() -> Box<FnOnce (132) => 1325 | 
2 Box::nev( lil {i*i )) 

3 ) 

4. fn main() { 

5 let square = square(); 

6 assert eq! (4, square(2)); 

7 


) 
00006-48000000000 


error [E0161]: 
cannot move a value of type std::ops::FnOnce (132) -> 132: 


the size of std::ops::FnOnce (132) -> 132 cannot be statically determined 


1000000000000000000000000000000000006-45 00000000 
LBoxllFnOncellh32111153521LULLULUFnOncelli3211:-1h3211BoxlfTELM 
LİLİLİLİTLİİBoxİ TOOU UUB 


FnOnce [][]]] Box[]FnóOnce OOOH 
Box[ [ClosureStruct[1000000000000ClosureStruct[]000000000 
FnOncef]call once[]00000000self0000000000000000 Bozi 
self10000000000000000000Box[lself1000sel1000000000000 
000000000000000000000self0000Fn0FnMut0000000000000 
&Boxl |selil [| «mut Box[]self]10000000000000Rust0 0000000 
00000006-49000 

00006-49[10FnBox! | IFnOnce 


1. #![feature (£fnbox)] 
use std::boxed::FnBox, 
fn square() -> Box<FnBox(132) -> 1325 { 


Box: :new( lil {i*i }) 


fn main() { 
let square = square(); 


2 

3 

4. 

Be AA 
6 

7 

8 assert eq! (4, square(2)); 
9 


00006-49011000000 featuref |fnbox[)] TİTLİLLLLLLusellll 
0000000boxed[|]00FnBox trait(]0000000FnOnce[][0FnBox[ |[ ] 
00000000000000000FnBox1)01110000°00*000006->20000FnBox 
OUOU 


10006-50[]FnBox[ TT] 


1. #[rustc paren sugar] 

2 pub trait FnBox<A> { 

3 type Output; 

4. In call box (self: Box<Self>, args: A) -> Self::QOutput; 
D ) 

6 impl<A, F> FnBox<A> for F 

7 where F: FnOnce<A> 

8 { 

9, type Output = F::Output; 

10. fn call box(self: Box<F>, args: A) <> FesOutput | 

1s seli.call ones (args) 

12. } 

1B. J 

14. impl<'a, A, Ro FnOnce<A> for Box<FnBox<A, Output = R> + "a? { 
15. type Output € R, 

15. ektoru "Ill" Tü Call nec (ELE, 22598: A] — E 4 

LJ. self, call box (args) 

18. ) 

19. 1 


000000000006->20000000FnBox TİTLİİLLELFnBoxl TİLLİ 
LLLLULLULULUrustc paren sugar] [I[][]|]trait[]|]]|]]call. box[ ID! 
000000Fn0FnMutf]FnOnce[]0000000000000000000self(]Box[] 
self IL ILİLİLİLİLİiLltratf self self] «mut selt10100000000000000 
HRH 

- Seltf[]|]self[]Selt|] 

“self JO self]&Self]] 


-&mut self] self |Smut Selfl] 


LitlliliselillSomeTypellSeliTilLLİİLLELLLİLİLİLESomeTypeflfil 
LİLİTİLİLİLİİİLİBoxl İTTİİLİLİLİselifiBoxl1Selil KOO Seli 
LİLİETİBoxİTİTİLLİDereiMoveltlliLİL51İLLİ 


Self]Box[ self 100000 call box (0000 call once [1000 Box[] 
FnBox[|[[0FnOnce[]100000000°00000000000000000 Fn Bex | 
00FnOncel00000000D000U00Rust 000 FnBoxJUUOL 

ELIDBIBEBIEIEIEEIE TED UE Rust 0000000000000000LEtraitJ0OU0OOOD 
00000000000000000Rust0000000000000imp! Trait (000000 
0100000000Itrait01000006-21000 

00006-51Dimpl Traitfll 

1. fn square() -> impl FnOnce(i32) -> 132 { 

Lİ AX 
) 
fn main() { 

let square = square(); 

assert eq! (4, square(2)); 


) 


00006-210000impl Trait [Rust 20180000000]impl 
Trait (010000000trait0000000000000000000 


00020000000impi FnOncef]u8f]ušf]-[]u8[]Oimpl000000000 
Otrait]00000000000 En Once trait[] 


6.2.5 100000 


LİLİLİLİİ İLİLİİ İLİ İLİLİTİL İL İLİLİL İL İLİLİ İİİ İLİT İİ İLİLİT İLİ OOO İLİTİLİLİLİLİLİLİLİLİL. 
000006-52[] 


00006->2000trait/ Titraiti ul 


— O) GE W N 


use std::fmt::Debug, 

trait DoSomething<T> { 
In do sth(éselt, value: T); 

) 

impl<'a, T: Debug> DoSomething<T> for &'a usize { 
in do sth(&self, value: T) | 


primtlm!("[s2b" value); 


© =<] O) Qq EE Po EP 


} 


B. ) 

LO» En toos“a>(bz Box<DeoSomething<é&"*a usize>>) | 
Lis let s: usize = 10; 

Lz. b.do sth(ss) 

L3. | 

14. fn maini)“ 

19; let x = Box: :new (&2usize); 

18; foo(x); 

Län 3 


00006-52[00DoSomethingl]T0000000Ltrait0000000000 
do sth]000Zusize[]00000traitf 

HOU 10 000 13 nni Tool b O trait UU Boxr] 
Dosomethingf[]fusize[]0000000000000b0O0do. sth]000000000 
0s00000000do. sth0000000000foo(]00000000000 


[main(]01000000Box]usizel]101000x0000foolx101000000000 


LİLİLİLİLİLİLİ 
error[E0597]: s does not live long enough 
12 | b.do sth(&s) 
| ^ does not live long enough 
13-1 


| - borrowed value only lives until here 


000000s0000000000too(10010000000000008£5s400000000000 
bus ITT AUT 


fn maini) | 


let 3- foo(xX): 


) 

l tooma ZAR Bs ZA LE 
fn foo«*«'a»( b Box«DoSomething«&'a usize>>) ( tool) FEF HAK, 
PRRESABNO 7, 
i$ TARN, 


b.do sth(&s) 
A 





16-3000006-52 00000000000 


00006-5201000foof]0000000000000000000000000000000 
0000foo[]10000000000000000000s0000000000000000foo[]0 
b.do sth]£s(000000s000000000main[0O0foof]x(100000000000 
mainf]00000000000000000160000let 3=foof]x(]100000500000 
1010000000000U00 0 

uUUfoo trait] Box]]DoSomethingll&usize 0000 
usize[]100000000000006-22[11>[00000mainf[000000000000 
(0foo[1000000000000000foo[]000000000000006->20000000000 
101000000000000000000000000000000000 

Rust00000000000000000000 L]Higher-Ranked Lifetime 
000000trait(0 UHigher-Ranked Trait Bound []HR TB (000 
000000for1)0 000000000000006-25000 

00006-53000for0000 


use std::fmt::Debug, 

trait DoSomething<T> { 
In de sthi&self, value: T) 

) 

impl<'a, T: Debug> DoSomething<T> for &'a usize { 
rn do sth(&self, value: T) í 


printlnii("Li:? P", value); 
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) 
} 


LO 


LD, fn barlb: Boxcfor«'t» DoSomething«&'f usize»») | 
Lf. let s: usize = 10; 

12; bıdö STH (SE) 

Lo. | 

Li. En mami? 

185 let x = Box::new(&2usize); 

16. Der. 

Lis 4 


0006-5301 00000 bar nunu nunu for 
Lf iDoSomething[]&[ |f usize[] 1000000000000000000000 

for] 010000000000000000000000°00 "imul 
DoSomething[|&[|f usizell (UUUUUUUt fer ff 11 0000000 
Tod D | İİİTİTİbariTİTİLİLLİDoSomethingfi8Slif usizell İNU 
LİLİİLİİLİLİTLİLİLİ 

LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİTİtramtl HUDU trait IILI IILI IILI II 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ16-5411L1İ1 


00006-54000000000000000000 


struct PLORSE> i 
data: (132, 132); 
runc: E; 
) 
impl<F> Pick<F> 
where F: Fn(&(u32, u32)) -> &u32 
{ 
fn call(&self) -> &u32 { 


© “1 O) UT A wù N HR 


9. (self.func) (&self.data) 

10; } 

bl. Gİ 

12. fn Max (data: &(u32, u032)) => &u3z 4 
1:33 lf daka.U > data. 14 

14. &data.0 

19% jelsel 

19, &data.1 


17% } 

16. ) 

19. fn main() { 

20: let elm = Pick { data: (3, 1), func: max ), 
23 Print int Ek r elm. Cai ty: 

Zee 1 


LILİTİT16-5 41İLİLLİLİLİİİPickl İTİLLİİLİLİİİİİd atafiLİLLİLİLİLİLLİLİLİ 
0000func11000000000000 


000:0001100000Picko00000call00000FOOFn0llu32[] 
u32[]Li-LiS&u 2 trait IL II IILI II III 


LİLİLİLİLİLİLİLİLİT itraiti HUUU 
LİLİLİLİL İLİLİL İL İİ İLİ İİ İLİLİİLİTİLİ LL C] 


00090000000000Pick[1010000000call000084seltl000000000 
000000006-5216-531100010000000000000000000000000calliOt 
0000000O0selt.žanc[]000000000000000000000000000000calOE 
LİLİLİL İL İLİLİL İL İİ İLİ İİ İLİLİLİLİTİLİLİ İL İTİL İLİ LL 


fn call<'a>(&'a self) -> &'a u32 ( 
(self.func) (&self.data) 
} 
İİ) oa S000 


010006-5>210000000000000000000000000000 


b SÖüruce Fk 4 
= A dates lus, Wiz); 
Ja runes E, 
4. ) 
5. IMP1<F> Pick<F> 
6. where F: for<'f> Fn(&'f (u32, u32)) -> &'f u32, // BABE 
Ze 4 
ə fn call(&self) -> &u32 { 
B. (self.func) (&self.data) 
LO. } 
lla 4 
12. Ln Mak testa: 3 (103275 III -> ise | 
LS if data.Ü > data. Li 
14 &data.0 
15 lelsef 
16 &data.l 
LI; } 
Los J 
19. fn main() { 
20, let elm = Pick ( data: (3, 1), func: max ), 
SC, prinpln5nii"ij" .elm.callt))s 
cé» y 


0000-51 4000000000000 0000000000000 00000000000 
for] COCA 


6.3 UL 


[Rust JUU 
000000006-420000any(1000000fort10000000000000000000000 
OOL 


LİLİLİLİİ İLİLİİ İL İF DO İL İLİLİL İL İLİLİ İİİ İLİ İLİ İLİLİT İLİLİLİLİT İLİTİLİLİLİLİLİLİİLİL. 
TU Ulterator 
LİLİTİLİLİLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLTİLİ Cursor [T II II LIU) 
LİLİLİLİLİLİLİLİ İİ İLİ İLİ İLİLİİL İL İLİ İLİ İLİLİL İT İT İLİ İLİLİLİLİL İLİLİLİLİLİYİLİ 


6.3.1 10000000000 


0000000000000 HExternal Iterator [1100000 [Internal 
Iterator İli 


LİLİLİLİLİLİLİLİLİLİTİActive Tterator1İl ITT 
LiLinexti İLİLİİ İLİ İL İT İLİLİİ 11 1 İT İLİLİLİLİ İT İLİ İLİLİLİL İ İT İTİ İTİLİLİİ İLİLİLİLİLİLİLİLİTİT? 
0000000000000000000000 (Det bont Java + + 000000000 
LİLİLİLİLİLİ 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL LİLİT İL İLİLİ İTLİ İLİLİİ İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
LİLİLİLİLİLİLİLİ 1 TLİ İL İT İL İLİL İLİLİLİLİİ 1 TİLLİ İT İL İLİLİLİLİLİLİ İİİ İL HUUU 
Rubyl]00Oeachf]0000000000000 


00001 OHOOO Rust TTT 
Rust Iİ İLİLİ İLİLİ İLİTLİLİLİLİLİLİLİ 


LİLİ11116-5 epi db pma bp Ed OL 
Lİİ11116-5 epi ipi II! 


1, trait InlterdtorcT: COPY? I 
fn each<F: Fn(T) -> T>(&mut self, f: F); 
) 
impl«T: Copy» InIterator<T> for Vec<T> | 
fn each<F: Fn(T) -> T>(&mut self, f: F) ( 
let mut i = Ü, 
while i € self.len() | 
self[i] = f(selflil), 


On O) O1 A 0» N 


13. fn main() { 


14. let mut v = vec! [1,2,3]; 
L5. v.each(lil i * 3); 
Lo. assert eq!([3, 6, 9], &v[..3]); 


LE». | 


00006-2600000000000000eachfl000000000000000000000 
LİLİLİLİLİLİLİ LİLLİ LİLİT İLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLLİLİ Rusi IILI III! 
LİLİETLTİLİİLİLİLİLİLİLİLİLİLİTorİLİLİLİLLİLİİ16-5 7000 


LEE L6-5 7D for TCI] 


1 fn main() { 

Z let v = vec! [1, 2, 3, 4, 5]; 
da FOr x xnmw d 

4 DEIHBLIDITCUIITT, ajg 

5 } 


6. ) 
00006-27000000tor00000for100000000000000000000000 


0v100000000000000000000v0000000RustOtort100000000000 
0006-58000tor0l0000000000 


00006->80fort1000000000 


fn main() { 
let v = vec! [1, 2, 3, 4, 5]; 
{ // FWWT for MIA) scope 


© si GB Ww N PR 


let müt aterator = y.into 1ter(); 
loop { 
match iterator.next() { 
Some (1) => ( 
PEnCIRDU” y 217 


Ko 


} 


None => break, 


hop 
— © 
— 


= = 
w N 


) 
14. ) 


LHudppge-58ngusuaiaiaiaum bp pO PEU ford D p pp DEBEO OUI 
v[linto iterl III I iteratorl TTHTSTİLlooplİTLLLmatchliti 
HOD O extr I IL ivULII LL Inexti iia None TTT 


6.3.2 Iterator trait 


00000tor0000000000000000000000000000000000Rust0O 
LELLLERELLULLULUELERust 00000Ltrait00000000000006-290010 
Rust[][ [Iterator traitl] |] 

00006-59  Iterator traiti III 


1. trait Iterator { 

ə type Item; 

CT fn next(&mut self) -> Option<Self::Item>; 
4. ) 

00006-29100 0terator trait Rust] iTTTTTTTTTTİTİİnextlTii 
00000000000000000000LErait[1000000000000000000000trait 
00000000000Item[OOnext00000Optionf]Seltf[ Item JL] LI temr | 
self1000000000000000trait]10000000000 

00000trait]000000000000000006-c0004 


00006-600000OIterator trait] EU 


La SrrücE Counter 1 


2 count: usize, 

3 ) 

4 impl Iterator for Counter { 

B. type Item = usize; 

6 fn next(&mut self) -> Option<usize> { 
7 self.count += 1; 

8 ll BEL, Oe € 6 1 

B. Some (self.count) 

LÜ. ) else { 

Tl a None 

LS, 

bə. ) 

Lü. J 

15. fn mert 4 

LO let mut counter = Counter { count: Ü ); 
Let. assert, eq: (Schal), cGöüunter.nexti)) 
18. assert eq! (Some 4) , counter,next()) 
19; assert eqi(5ome(3), counter.next()); 
20. assert eq! (Some(4), counter.next ()) 
2k s assert equ (Some) , CESúnter. next () 3 
CH assert eq! (None, counter,next.()); 
20“ d 


LİLİLİ116-60TİLİİLİLLİEİLİLİCounterlilİliLililterator1 III 
LİLİ İLİ next III III 


00000000] Counter! next] 000000000OIteml]Jusize] UI 
Counter] |] count TusizellLiLinextl ILILILILLLMOptionl Jusize[ HOHO 

000800next000i100000000000006000000000000000000 
(1000100 next1010000000000000000000000000000000000 0 

[Iterator trait]000000000size hint (00006-610000000 
LİLİ 

Q0006-61|[|Iterator trait[ İilisize bn 00000 


1 
2 
3 
4. 
25 
6 
d 
8 


pub trait Iterator | 


) 


type Item; 


rn size Dinc (aseli) => (usize, Optiónsusize>) 4 


(O, None) 


0000 6-61 000 size hint (00000000000000000Ousizel[] 


Optionf[]usize[]1101000000000000000000000000000000Iower 
bound [11000000000upper bound]]000000Optiont Jusizel [II 
LEITET LICET size İLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLDOLİNoneltllİll 
HEH 

00006-620000000000000size. hint ii] 


00006-6200000000000size hint 


1 
zs 
25 
| 
5 
6 


Y 


fn main() { 
let a $ 112325 91” Lk zy 317 
let mut iter - a.iter(); 
assert “q: (3, Some(3)), Iter.size Aint ()); 


) 


iter.next(); 


assert eq!((2, Some(2)), iter.size hint()); 


LİLİLİ116-6 ZLİLİLİLİİLİİterlİLİTİLİİTİLİİLİLİLİLİİLİLİLİnextl UU 
000000000000000size. hit NDOO CIS DOCCT iter TL 
00000a00000000000 [a 132115 IEEE] & Ta. [T TE]&T]a mut (1000 
size hint']110000000000000000000000006-4000 


size hint 
(8, Somef8)) 





16-41118Ila [TI0 a mut [TI000Osize. bunt KOO 


Ljsnupurma-iterr NIUE ra D HEU 
end[] size hint ptc 

Lillsize bro UU Rusi OOOH 
LİLİLİİİLİL İLİLİİ TLİ İLİLİİLİLİLİLİLİLİLİLİLİLİL İT İLİLİLİLİT İLİLİLİLİT İLİLİLİLİLİLİLİLİLİLİLİL? 
size hint]1100000000000000000000000000000000000000000 
1000000000000006-6300000000000000000 


010006-631000000000000 


1 fn main() 1 

2 let mut message = "Hello".to string(), 

ds message.extend(&[' ','R', 'u', 's', 't']); 
4 assert eq! ("Hello Rust", &message); 

> } 


00006-630000Stringl]00000messagelf1000extend]000000 
000000 extend(]000000Extend trait()0000006-64000Extend[] 
String extend 00000 


LULLM6-6411Extendi1Stringi TiLlextendi ULL 


. pub trait Extend<A> { 

fn extend<T>(&mut self, iter: T) 
where 

T: Intolterator<Item = A>; 


impl Extend<char> for String { 


1 
2 
3 
4 
“lun 
6 
7 
8 fn extend<I: Intolterator<Item = char>> (&mut self, iter: I) | 


ds let iterator = Iter. inte 166E() ; 

LU 4 let (lower bound, 2) = iterator.size hint(); 
11; self.reserve (lower bound); 

LS, for ch in iterator ( 

deif N self.push(ch) 


14. 
15, 
16. } 

Extend traitl TilLitraitfliliHLLLextendfl III III 
T [IH [I trait [] [] IptoIterator[|]Item-AL[] E] U ELE] EB E] E] E] E] ET E] ED EE LT LE] 
Intolterator[ |[][000String[]00000char0000000trait[] 

000090Stringl]0000extend[]000000Ginto iter000000000 
0000000000size hintf]000000000010 00000000000000000000 
11010000000000000000000 

0001100000000reservel]000000000000000000000000000 
00000000000000006-651000000000000>000000000000000000 
[12000000000000400000000100000O0reservel]0000000000000 
LİLİLİLİLİLİLİTİLİLİİ? 

0001 Zpnrer rin nb ibd d dd Strimgt eus h NAO 

00000000size bo OHOOO OHOOO oa 
Rust(000000trait 000 ExactSizelterator ||TrustedLen [HHOO 
TteratorllLtraiti ILINLLLUstdHLUiterHiHLLi 

ExactSizelterator ILILILİLİLİLILLLlenllis empty(1000len00000 
Iterator TTLİLLsize bo 


TrustedLen]UQUtraitQQ0Q0UUU000RustQUQQ000UUU0000U 
raf TTT TrustedLen [00000 size hint (000000000000000 
[] trait]0100000000000000000000 

ExactSizelterator |] TrustedLen [] EL] E] E] E] E] ET ET ET ET ET ET] ET TH 
Exactsizelterator [] |] [LH H HL BL UH HEEL B. HL. EE BEL BE EE EE B]. BE EE B. HE EE E] 


ExactSizelterator [] |] D] B] D] BH EB] HL UH HL HL UH UH BH. D] D. DE EE ED] UE LU] 
ExactSizelterator[]0000TrustedLen[]0000000 


6.3.3 Intolterator trait! | || |[ 


00000OIterator trait HILO 
00000000000 for (0000000000 into iter EU 
00000000000000000Ointolterator trait[ İTİ 

UHSLULULULULUULULUFromllintoliUtraitlİHELLULLULULLULLULTroml) 
intol TTT traitl TİTTTTELİTLLLİRust 
Tea WITT 

Rust] J]J]Fromlterator [|IntolIterator ||| tra ti İHULLULULL 
uLFromiteratori İİ İİTİİTTİLİTİTİLİTİTİLİ Intolterator TUTE 
0000Fromlterator[]006.53.5(11000000000Intolteratorf[] 

00006-65500 Iintolterator ODO 

QODOO-65||Intolterator| ||| ||] 


İs pub trait Intolterator i 


2. type Item; 
ja type IntoIter: Iterator<Item=Self::Item>; 
4. Tü INTO: acer Eeer => Selrfiyihrorbers 


oe 4 


ULLLUL6-65111UULLULLİnto iterlililltraitliHliliLinto tert 
self]000000000000000000000000000Self JE E toT tert I iSelli JL] 
Intolterl ILLMLLLMULLUHtraitTiLTteratorliTtem “ SelfiLiTteml III 
ULULLLTterator1İLLLULLULLULU 


LIEB EHIEIDHD LE] VeL] E HIE E] HD UH L Ente Ttera tor TEE] ELE to. iterT ]L] 
HUUUUUUUUUU6-6 6E EL] Vect TET] I LI EntoTterator] WI 


HLLL6-6611Vecil TTT iHLİntoTlteratori İLL 


1. impl<T> Intolterator for Vec<T> { 

us type Item = T; 

ds type Intolter = Intolter<T>; 

4. Lh into Teer (mur: seli) => InEsizer<T> A 
om unsafe { 

D er 

Ta Intolter { 

os buf: Shared::new unchecked (begin), 
Sa Cap 

EE ptr: begin, 

Tə end, 


13; } 
14. } 
lo 


0000 6-66 000000000000000000000000000000stdiivec 
LE EIE IEnteTteert]ETECIETDCIETDCILT DC TEILT CILTL OL] 

: Buf [0VeclI1000000000000beginl00000000Sharedf]fl 
LİLİLİLİLİLİLİLİİ İİLİTLİLİLİ? 

: Cap Lİ LİİLLTİLİİLİTİLİİLİTİLTİLİİTİLİLİ 

: Ptr 0000begin(l0000000000000 


: End (01000000000000VectlT00000000len00000beginfl 
offset LH] 

Intolter[]000000Iterator trait[][][][|next[]size hint[]count[] 
LİLİLİLİLİTİT LİL 


LILİLİLİLİLİiLİVe cl ITT II Intolteratorl] iL linto tert TİLLMLİMec 
ITL IL En to Ete llintottert]100000000000000000 
ITU EEE En te E ter HUUU Iterator trait[j IILI Inexti | 
size hintllcountlILLİULİLİLİULİLİLULLİİntolterliliVeclTTULLULİULLULLLİ 
0000006-2000 





116-51İVecTİTTİLLİLİLİLLİLLİİ 


OO İntolter İTİ) İLİLİİİİİİ İLİTİLİLİLİLİİİT İT İLİLİLİLİLİİİLİL TTD DOCET LİLLİ 
ULULNURust (UTC Eter HterMut 00000 
LİLİLİLİLİLİLİLİ İİLİTLİLİLİ? 


- Intolter [J] DU] ]selfi | 
: Iter (0000000000 self] 
- IterMut [| JJ L]& mut self] 


TterlilterMutl [IILI IILI Islicel [IILI ILII6-67(I L islice[ iit 
RRE 


00006-670stice[11000000 


1 fn main() { 
Gë let arr = İl, 2, 3, 4, 5]; 
3 for i in arr.iter() ( 
4. prints (713777, 177 
Ba ) 
es printini("i1:7)^, art); 


Va ) 


00006-670000slice[]0000000000000tor(]1000000000000000 
000000TI]000OIntolterator(]000080a [TI] 8 a mut VT IO 
Intolterator | into tert Ti tert ter muti HAKA 


DObtord 0000 saronodd0000000000000000iter0 000 iter[] 
iter mutlIULL3UshcelUUULLULLUTteerliTterMutULLuü 


LİLİİ116-661İLİİTİLİLİTterlİLTİ? 
0006-68] ter 0000000 


14. pub SErTUCE Tter<"a, Te “as 4 


s pur? *ODASE X 
cr end: “const T, 
4, marker: marker::PhantomData<&'a T», 


Da ) 


00000000001Iter0000ptr0]end[]100000000000*const TU 
00000000. markerf]00000000000000000000a0000000000000 
PhantomData[11100001530000000 

Iter (000000000000000000000000000000000 6-69000000 
OOIterMut0000 

00006-69[ ter Mut] 000000 


La Duo SLEUCC ILerMute«"'a, Tt "a 1 


2. BEL: “üc X. 
3. end: *mut T, 
4. marker: marker::PhantomData<&'a mut T>, 


da ) 


LlllifterMutliliptrilendilİLİLİİLİLİLİLİLİLİLİLİLİLİLLİLLLİLLLİLLİLİ 
00006-700000000iter. mutf]00000000000000000for00000000 
slicel]l0000000000 


010006-7000000000 


il. Ta 309820134 

a let mut arr — [1, 2, 3, 4, 5]; 

Fa for 1 In arr.iter muti) { 

4. si we L; 

Sa ) 

6. primelnep elim. are: Y/ 12. Se de Dr © 
də ) 


Rustl1lULULULLULTntofTterliTterllTterMutliLLLLULstringliUL 
HashMaplIiiiDrain (11000000000000000000000HashMapf 
00000000Rust UO 00000000000 Rust] 
000000000000000000000Slice[]0000000Vec0T000000000000 
HashMapl]100000000000000000000000000000000000°00°00 
10000000 OOOO 


6.3.4 100000 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİL DUDU 
LİLİLİLİL İF İLİLİİ İL İLİLİLİİ İT İLİLİLİLİL İTİL İL İTLİLİL İT İLİ İLİLİT İL İLİLİLİLİL İT İLİ İLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İİ İLİLİL İL İLİLİLİİ İT İLİLİLİLİL İL İL İTİ İLİL İT İLİ İLİLİL İL İLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİLİL İİ İLİLİİ İLİ İLİLİLİİ T İLİ İLİLİL İT İL İL İLİLİL İT İL İLİLİLİT İLİLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
LİLİLİLİL İİ İLİLİL TİL İLİLİLİİ İİ İLİLİLİL İTİL İLİTİLİL İT İL İİLİLİT İT İLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
LİLİLİL İL İLİLİL İL İİ İLİ İLİ İLİLİLİLİLİLİ İLİ İT İLİ İLİ İLİLİLİL İLİLİLİL YİL) 


LİLİLİLİL İİ İLİLİLİLİLİLİLİİ TİLİL İTİLİLİL İT İT İT İLİLİLİLİL İT İLİ İTİLİLİL İL İL İL İTİTİLİLİLİLİLİL. 
O0U00000000000000000000000 TiVVrapper [Rust İ III! 
LİLİLİLİLİLİLİL İİ İİİ TLİLİLİ İLİ İLİLİİLİ 


Mapi[ 1] 
Map Rust]0000000000000000006-71000 
00006-710mapl000 


fn main() ( 

let a = (1, 2, 3]; 

let mut iter = a.into iter().map(|x| 2 ” x); 
Some (2) ) , 


assert eqiirter.next 0) 
), Some (4) ), 
), 
), 


assert eq! (1ter.next 
Some (6) ) ; 


( ( 
assert eg! ıı ter:nexsei 
( (), None); 


assert eg. (1 Cer next 


00006-71005000into ateri ibbulbibbpa ibd b bad mapr Li 


LİLİLİLİLİLİLİLİLİTterl İT İTLİ LIE rer mex t TITEL 
LİLİLİLİL İLİLİL İLİ İLİL İLİ İLİ? 


© AI O) ÜT A EW FP 


map HILO 6-72 paubmustarr] 
iterl H1teratorl map III 


0006-72 000mapd00000 


pub trait Iterator ( 
type Item; 


1 

2 

3 — 
4 fn map<B, F>(self, £: F) -> Map<Self, Fo 
Dd where 

6 Self: Sized, 

7 F: FnMut (Self::Item) -> B, 

o { 

9, Map f iter: self, f: f ) 

10. ) 

Ld J 


maplilterator Dram HULLLMLMLLMUULUMseliLULLUTteratorlHUUUUEL 
HULLUİLMULFnMutLUU9ULLutraitTfIıUUFnMutlHSeliHHTtemH-THİBHLLUL 
selt[]|]Item[][]L [D teratori İLİLİHELLLLİLİTtemİİLLİULLLLLİLLUELLU 
Mapl]Self1FO00000000000Selt000Sized[]00Self100000000000 
00000000 Ma pi HAHAHA 


Lİİİ11116- 73 Mapi [IL 
LİİT1116-7 300000 Map II! 


1. #[must use="iterator adaptors are lazy ... “7 

2. #[derive(Clone) | 

Ja pub struct Map<l, F> 4 

4. iter: Ts 

B. TE F, 

6. } 

İs Impl<B, I: Iterator, E» Iterator for Mapsi; Fo 
Ba where F: FnMut(I::Item) -> B 

9. { 

10. type Item = B, 

Lla fn next(&mut self) => Option<B> 4 

12; self.iter.next () .map(&mut self.f) 

13. } 

l4, fn size hint(&self) -> (usize, Opbion<usize>) | 
LƏ, self.iter.size hint () 


16% ) 


18. | 


LİELMaplİLİLİLLİLİLİİLİİLİLİLLİLİİLİLİLİLİLiter 000£ [I IILI II! 
LİLİLİLİLİİLİLİLİLİLİTİLİLİLİTterator trait Mapi HUUU 
000000000000nextsize. bin UU 
000120000mapll Un exi EU UO pon TI IILI III map (III 
IILI 12 D0000 map DUDO Map III 
LİLİTTLTİLİİLİLİLLİOPptioni IT I I 


UEHEULHEEELELRELİ 6-73 0000000 Map HHEUULURU 
[must use-[||......L]] (00000000000000000000000000000000 
00000000000000°00°000000000000000000000000000000000 
0000000000000000000next]01000°00*000Rust0000000000000 
must usen 


Lt1MapliİLİLİİLİLİLİLİLİLİİ16- 7/1 HAO 


a: [i32: 3] 


Boe 


| into. iter() 
mapl |x| 2 ` x) | : intolter 
— F: |x| 2*x 


X (CES 





[6-6 II ILII6-71[]mapi 000000 


06-6000006-710000000000000Oallllinto iter0] 0000000 
Intolter[]00000000intotlter iLLiTterator trait]000mapl10000000 
Intolterl]000000000000Mapl]Mapll00000intolter [00000 EL 
0000next10100°00*0000000000000 


III 


O00Mapi]Rust(10000000000000000000 EIS ed ETE te n ED UIT TL 
LİLİLİLİLİLİLİLİLİLİLİL? 


' Map [|| IILI IILI IL IL ILILI IILI 

: Chain [|[| IILI IILI IILI III I I 

: Cloned [1110010000000000000000000 

: Cycle (101000000000000000000000000000000000 


: Enumerate (| LİLİLİLİLİLİLİLİLİLİLİLLL LLLLLLMilivalliTilili i 0 
usize[] Dp p m val IILI IILI I 


' Filter [LEJILDUDUUDULUUpredicater bb b a p o 
: FlatMap [0010000Mapl00000000000000000000 
: FilterMap (IO FuUteri) Mapi OOOH 


: Fuse İİ İİİ IILI IILI IILI İİİ İLİLİLİLİTİİLİLİLİLİİLİTLİİNonef VT 
LİLİLİLİLİLİİLİİLİN one İ İTİLİLİLİLİLİLİLİLİLİLİLL 


: Rev [| l İİİİTTTİTTTİTİ 


7 öLILILI 


Houge- 7 41TUİTİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİ 
10006-74+0000000000000 


1.fn main) 1 


T 


let arrl = [1, 2, 3, 4, 5]; 
let el = arrl.ater() mapliz| 2 * x) «collect: :<Vec<1.32>>() ; 
assert eg! (sell..l, 14, 4, 5, 8, 101) 
let eri = (le “E yi, mi 
let c2 = arr2.iter().filter map(|x| x.parse().ok()) 
Gollect:rv:EVegoecl34» () z 
assert egif&cZ[ss.Is (112701). 
let apas = ['3', Bla !g*]3 
for (idx, val) in arr3.iter().enumerate() { 
printin!("idx:s 1:3), val: (]", ida, val.to uppercase()); 


| 


010006-7401200040000mapl00000000000Mapl0o000000 
collect [110000S300000000Vectlis2000000 


000200080000 Alter mapll000000FilterMapll0000004 
collect [11101070000000Vectlli52000000 


0009000120000enumerate[ |] 00000Enumerate[] 00000000 
ftor(]1000000000next000000000000100for000000idx[]val0000 


(ITT Rev rev 000000000000000006- 


00006-750reü000 


1. fn main() | 

let a = İl, 2, 3]; 

let mut iter = a.iter().rev(), 
assert eq! (iter.next(), Some (&3)); 
, Some (82) ), 


) 
(1ter.next () 

assert eq: (1 Cer. next ten Some (ai) )+ 
( () 


assert eq! 


assert eg! {1 ter next (), None), 


00 SI O) VI A (9 N 


LİLİLİ116- 7 2 TDrev TTT oe HUUU 
1*00*0000006-76100rev]00000 


00006-760reül000 


1. pub trait Iterator { 

type ltem; 

fn rev(self) -> Rev<Self> 

where Self: Sized + DoubleEndedlterator, 
{ 


Rev { iter: self } 


— O) OB W N 


) 
oe 3] 


00000rev 00000 Rev 0000000000000000000000000Self] 
trait ILINILLLLMUDoubleFndiTterator trait(]70000000trait 00000 
01000000 


00006-77000Rev 00000000 
00006-770Reu1000000000 


pub Struct. Rev<T> 4 
iter: T, 

) 

impl<I> Iterator for Rev<I> 
where 1: DoubleEndedlterator, 

{ 

type Ltem = <l aş ILOrator»::item; 

fn next(&mut self) -> Option<<I as Iterator>::Item> { 
self.iter.next back() 


R kä EO — O) UO 4» EN IP 


0. ) 
io 3 
Rev ED pp. eer TEHrBHIBBIEIDH HI BH EIE] IL tera tor 0000 
DoubleEndlterator JUL temp iterator|] 
UO 
00000000 next (000000 Rec 00000000 next back 0000] 
next back[][000000DoubleEndlterator[|0100000006-780000000 
HLLLM6-7811DoubleEndTteratori İLL 


1. pub trait DoubleEndedlterator: Iterator { 
du fn next back(&mut self) -» Option<Self::Item>; 
3% } 


OOOOOOOOO 6-78 (000 DoubleEndlterator NUNUNUNUNUL 
DoubleEndlterator]|]Iterator iLitraitHUUUUMUULU9UHL Tteratorli 
next back[]next(]00000000000000000000000000006-79000 
next back[]00000 

[IE -79[]next backi TİLİİLL 


L. Tü marini 1 

dis let numbers = veel LL, Z, 3, 4, Š, O6]; 
öv let mut iter = numbers.into iter(); 

4. assert. edi (Some (1), 1687. M6xXt ())2 

Ss assert ey! (Some (6), Lter.Bhext back () ) ; 
G. assert eq! (Some (5), zter.next back()): 
Ts assert eq! (Some 2), ster.nexti17 

B. assert eg!(Some(3), 1tér.next()); 

I assert eq! (Some (4), Lbtér.nexc())j 

LY a assert eg! (None, iter.nexti))7 

LM UP assert eq! (None, lter.next Back ()); 

LA. 4 


LLİİ116- 79 r4 ntm mm ext EIETEIDIEI EIS em er TTT 


000500060000next back[]00000000Somef]6f] Some) s00 
0000000000000000700090000000next[]00000000Somel]2[]] 
somel]s[][]Somef]4000000000next backi|[ pb “OU "UU 
000000next(]00000000next(1000000000next back İTİ 010010 
000110000000000000Nonef] 

000000000Revi0000000000000next00000Onext back WII 
0000 DoubleEndlterator (00000 next back QO00000000000 
DoubleEndlterator[|10000001Iterator[]0rev[]00000000 

Rust(]000000000000000000000000000000000000000000 
0006-7000000000000000 


Iterator 


I: Iterator 
F: Fn/FnMut/FnOnce 


Iterator Adapter 
Map/Rev/Chain/Filter/... 





016-700000000000000 


6.3.5 000 


Rust LİTİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİ İİLİLİLİLİLİLİLİLİİLİLLİLİ nexti ITT 
LEID OCDE HEB IILI IILI ter dd EHICITLIEIEID CIC Oort DUT 
next LI III III II! 


000000000000000Rust0000for1000000000000000000000 
HLMUL(ConsumerliULULLURustLUulstdELiterliLTteratorl1iULL$LMLL 
HR 

any ([0000000006-420000any1]000000000000000000000 
HR 

: fold (10000000000000000000000000000000000000000 
0000000000000000000000000000000000000000000 fold (000 
00000000000000 reducer[Tinject | 

: collect (H000000000000000000000000 6-74 000 
collecti J| | | Vec[ 33 ZL]THEILID D Eturbofis h IL LLL IILI IILI LIL IILI] 
Vec[i32000D00000000000*000%0 

any fold 


LİLİLİ16-80TİLİLLİLLanyllfoldi 00000 
00006-80f]any fold 1000 


1 fn main() { 

2 let a = İL, 2, 3]; 

Kë assert eq! (a.iter().any(|&x| x != 2), true), 
E let sum = a.iter().fold(Ü, lace, xl acc + x); 
2 assert eq! (sum, 6); 

6 ) 


LILILILILI6-3OLLSTİLLanylILİLILILMMaTıNILLILLL LLLLLLtruellilii 
4[100fold100000a0000006-8000fo!d 100000 
acc =0 


first iteration 
acc =0+1=1 


second iteration 
— 


acc=1+2=3 


third iteration 
acc =3+3=6 


leta=[1, 2, 3]; 
let sum = a.iter().fold(0, lacc, &xl acc + x); 





[16-8[lfold[ IILI III 


00006-5000000000000anyt]fold11100000000000000000000 
0006-810H0anyt fold 1000 


00006-8 111anyl old (0000 


L. BUG trans .UOƏraACoLr | 

s type Item; 

KÉ TT 

4. fn any<F>(&mut self, mut f: F) -> bool 
c where Self: Sized, 

O. E: EnMuti(Sebt: sitem) <> Boel, 
Ts { 

8. for x in self ( 

d. LE ETS) d 

LU, return true; 

11; } 

12; ) 

13. false 

14. ) 

134 TT 

165 CR fold«sB, E»S(sSlT, IE B, Müt fi F) -> B 
17. where Self: Sized, 

(ÉP Pe FnMutlB, 8elts:ltem) <> B, 
19, { 

20 let mut accum = init; 

22. for x in self ( 

d a accum € f(accum, x); 

29; } 

24. accum 

22. ) 

20 ] 


00000anyfltold[]100000000fcr00000000000for(1000000000 
000000000000000000000O0return break [continue [00000 
00000000000000000LLVMOOOO 

000006-800050000000000iter0000000000Ter0 000000 
next [00000 Option[ SL T][]]Option[]&mut TTİELLULLLTorLİLULLLU 
0000000000000000 next 000for 000000000000000000next000 
Option JRITJ00Option]Amut TTİHULLULSTTİLSmmut (TIDO 
HO 


000000006-81008000any(0l0000tor110000000x0000000000 
010006-500003000any(0000000O00000000000000006-8200000 
OOL 


[LEE -82[ jany[ LL 


L. fH maing) | 

2 let arr = [ly Z, 3]; 

Ja let resultl = arr.iter().any(l&x| x != 2); 

4 let result2 = arr.iter().any(|x| *x != 2); 

5 // error: 

6 // the trait bound 6(integer): std::cmp::PartialEq<{integer}> is 

not satisfied 

1; // let result2 = arr.iter().any(|x| x != 2), 

8. assert eq! (resulti, true); 
24 assert eqiiresultz, Crue); 
LO. | 


Q0o000d6-3200030004 0 0any 000000000001 000000000 
LiSexl İLİİHİTİLİİanyl BE ECHO 00d 0000000000080 000000000000 
[IIx[I IILI IILI IILI IILI IILI 7000000000 
LİLİLİL İL İLİLİL İLİ el İL İLİ İLİTİLİLİLİLİYİLİİ? 


[010fo1d11100000000000000006-83000 
00006-83000fold11000000 


tü Man.) T 


let arr = vec![1, 2, 3]; 


let suml = arr,iter().fold(0, lacc, xl acc + x); 
let Süz = arr.iter()«<fold(0, BCG; Xi acs + 9) 
let SUMS = arr.1iter(Q.fold(0, |aec, EXI ace + Si? 
= arr. into ater().Eola(0, lace, x] aco + x); 


assert eg! (suml, 6); 

assert eq! (sume, 6) 

assert eg! (sums, 6)j 
6) 


1 

2 

3 

4 

ə. 

6. let sum4 
7 

8 

9 ( 

1 assert eq! (sum4, 
1 


HO: 


HUUU6-8 3900300040005 00uiterQUUUU0UUUUarrQuuuuuuu 
Iter İTTELLULLULLLULOLLLİnto iteri NULULULULEntolter) HULNULarr 
TU 


U ter IDDODUOEer an a ad CD told ETE TE Een HAA 
LİLİİTİLİLİLİLİLİLİLİİTİİLİLİ6-ö 30030004 000s nun 000000000000 
UU 


[jIntolter[|I I net in optienr TH II ora TTT 
LİLİELTİLİİLİİLİLİLİLLİLLİL16-3 Se TE Ee da I forii IU IILI II I I 
010000000000000060000000x008x000000000x00*x 000000 


Rust[]000any[]fold[10000000000000000000000000 00 allf] 
for each[]position[ NOOO std iter[]Olterator[]100000000000000 
000000000000000collectf0000 

collecti |||] 


000000000000000Ocollectf]000“00*000000000000000000 
000000000000000000000000 collect UUVec OO 200000000000 
00000 Veclli32TİHLLLLLLULULLULLLturbofishi NAO 
collect] HashMap[li320i32n0000000006-84 NU ]codle ct III 
LİLİ 


00006-84[]collect( 100 


1. pub trait Iterator { 
La type Item; 


4. fn collect<B: FromIterator<Self::Item>>(self) -> B where Self: 
Sized ( 

Sa Fromlterator::from iter (self) 

6. } 

tee J 


0000collect00000000000000000Fromlteratorf |[ [from iter 
0000000000Fromilterator (| Intolterator [10000000 trait 000 
[| 6-85 (00Fromlterator[ 000 


HLMLUU(6-851Fromiteratori III 


1. pub trait FromIterator<A>: Sized ( 
s EN: Brom teror? Tnhrolroracorortem- er 1) e Sent, 


3. İ 
[] trait JUUNUNUNUNU from_iter Y 0000000000 trait 00 
IntolteratorllIİtem-AHLLLULLLULETntoTteratorHTHLLLULUULNUULELLLLE 
OOOO O trat İTTLİLİLİLİLİLcolleciTİHİHLLLLLLLLLİLLİLİULMU6-S6TİLLLLİ 
HMyvecliUlMFromlberotor trait; | 

00006-860000MyVec[ []Fromlterator 


1. use std::iter::Fromlterator, 

2 # [derive (Debug) ] 

3 struct MyVec (Vec<i32>); 

4 impl MyVec { 

us fn new() -> MyVec { 

6 MyVec (Vec: :new() ) 

7 ) 

8 fn add(&mut self, elem: 132) { 

S. self.0.push (elem); 

19, } 

ile J 

12. impl Fromlterator<132> for MyVec ( 

13, En from, LESFSIS LüLOTLOLALOYCULƏNR = 132>>(1Lers 1) -> Self | 

14. let mut c = MyVec::new(); 

(KP for i in iter { 

16. ö adad (1/7 

ded s ) 

18, E 

123 ) 

20. ) 

21. fn main() ( 

22, ləb iter = [0,.9).1mbo iterl); 

23. let o = MyVeerstrom Iter(lter); 

24, assert 29! G.D, veel[U; 1, 2, 3, U 

22. LƏL Liar = [0..9) Mba 1er () 5 

29. let c: MyVec € iter.collect(); 

21, assert eq! (c.Ü, veel[0, 1, 2, 3, 4]); 

28. Let LOSE = IR: aal alte Te 
29. let c = iter.collect::«MyVec»(); 
30. assert eq! (c.0, vec![0, 1, 2, 3, 4]); 
ele 7 


LIEIEIEIC6 -S e dp idi EE Vee 115 ZELİEMYVecliLİLİLİLİLİLİLİLİLİLİİ 
UU EIE rem Iteratort D Em ein TİLTİİLİLİLcollecililiLİİLLLL I 
LİLİİTTLMYVecl İ LİLLİ 


LILILILILILLILİULİLİMYyVecliLirom, iterliliLililicollectl EET] 


6.3.6 İİTTİTİTİİ 


Rust İl İLİTTLİ İLİLİLİLİL LL Lu nunu yu nu nyan 
[Rust JEDE DC NULL Rust 1 TİLLİ 


LİLİLİLİLİİ İİ TİL İT İL İL İTİLİLİLİLİİ LL İT Tİ İT İLİ İT İLİLİLİLİLİL LL 
HUOO step LAO 7000 


LİLİİ116-8 ITT Step 


1. #[derive (Clone, Debug) | 


2. #lmust use = "iterator adaptors are lazy and do nothing unless 
consumed" | 

S. “UĞ Struct otepeir” 4 

4. iter: 1, 

5 skip: usize, 

0. | 


LİLİLİ116-6 70000000 S teplHİEİLİİİİLİLİLİLİLİLİLİLİLİİLİLİİterTİTİLİLİLİLİ 
00skip00000000000000000000Iteratori]000006-88000 


00006-88[ TiStepi | Iterator 
1. impl<iI> Iterator for Step<I> 


2 where I: Iterator, 

> { 

4 type Item = I::Item; 

ae fn next(&mut self) -> Option<I::Item> { 
6 let elt = self.iter.next(); 

7 if self.skip 5 Ü ( 

8. self.iter.nth(self.skip - 1); 

2. ) 

Lü: elt 

lla ) 


00006-e8C]Stepiiteratorl]000000000next000000000000 
ITT 0 ttem TİTTTLLLLLTİİİİTtemll 

[]|jnext[]size bo Iterator trait[]next[]000000000 
LLLLLULLLİnextl 0000000 0000000000 next III IILI IILI EIS te p ETE] 
Hos kip |l IILI IL Iskip[]2[] [L oe IU II IILI IU 
000000080000nth1000000000000000n 0000 

0000000000step00000Stepi0000000006-s91000 


LLİ16-891fTTistepilTTiiStepiTii 


1 pub fn step<I>(iter: I, step: usize) -> Step<I> 
2 where I: Iterator, 

3 { 

4 assert! (step != 0), 

I Step { 

6 iter: iter, 

7 Skip: step - 1, 

8 ) 


9. ) 
00006-89000step Ob İİİ TEE E EE EYE TETETETETETETETETETETEO 
2tenl icd] 


LİLİLİL İTİ İL İLİLİL İİ İL DO OD İT İL İLİLİLİL İT İLİ İTİLİLİLİL İLİ İT ILS te p İLİ İLİLİLİİLİLİ 
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1 pub trait IterExt: Iterator { 

2 fn step(self, n: usize) -> Step<Self> 
3 where Self: Sized, 

4 { 

Fa step (self, n) 

6 ) 

7 } 

8 impl<T: ?Sized> IterExt for T where T: Iterator {} 


0000 6-90 TİTTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ Iterator TİTİ Grott 
İterExtl EIL CstepLDBDD B D p b step id iS tepIETDEIETDETET 


LİLİTLTİƏLİİİİmpİTTTİLİİLİTteraotrTİİLTTTLTterExti IILI III 
LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ16-9 111111 


10006-9 TİTTİTTİTİLİİStep 


1 fn main() { 

2 let arr = [1,2,3,4,5,6]; 

Ja let sum = arr.iter().step(2).fold(0, lacc, xl acc + x); 
4 assert eq! (9, sum); // [1, 3, 5] 

> } 
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00006-92[ Itertools! İLİLİLLİPositionsi 10000 


1. #[must use = "iterator adaptors are lazy and do nothing unless 


2. 
.. 
4. 
S. 
5. 
PT. 
Sus 
> m 
UD. 
AI. 
12. 
L3. 
14. 
15. 
16. 
17 ; 
Lə. 
19. 
20: 
"əm s 
zz. 
23. 
24. 
zo. 
26 
2. 
28. 
29, 
30. 
al; 
DE » 
33. 
34. 
33 s 
36. 
RA 
sn. 
39; 
40. 
41. 
42. 
43. 
44. 
45. 
46. 
47. 
48. 
49. 
20. 
Sl. 


consumed" ] 

# [derive (Debug) ] 

pub struct Positions<I, E> f 
iter: I, 
f E. 
count: usize, 


} 


pub fn positions-cl;, E> (itet? I, f: F) — Eositions€L, F> 


where I: Iterator, 
F: EnMut(lI:z:lItem) -> bool, 
( 
Positions 1 
iter: iter, 
Es Es 
count: D 


) 

impl<I, E> Iterator for Positions-I, F> 
where I: Iterator, 
Fs FnMut(I::Item) -> bool, 


type Item = usize; 
fn next (&mut self) -> Option<Self::Item> { 
while let Some (v) = self.iter.next() { 
let i = self.count; 
self.count = i + 1, 


İL (self. y (902 £ 
return Some (i); 


} 


None 


} 
En size hintí(&self) => (usize, Option<usize>) Í 
(0, self.iter.size hint().1) 


) 

impl<I, F> DoubleEndediterator for Positions<I, F> 
where I: DoubleEndedlterator + ExactSizelterator, 
FP: FnMut (T +“ Item) -> bool, 


fn next back (smut self) -> Option<Self::Item> | 
while let Some (vw) = self.iter next. back) 1 


if (sel €.) (wv) 1 
return Some(self.count + self.iter.len()) 


None 


pub trait Itertools: Iterator { 


fn positions<P>(self, predicate: P) -> Positions<Self, 


P> 


22. where Self: Sized, 


e 4 P: FnMut (Self::Item) -> bool, 
54. { 

59; positions(self, predicate) 
20. ) 

da l 


58. impl«T: ?Sized> Itertools for T where T: Iterator {} 
Sch, fu maint) 4 


60. let data € vec![1, 2, 3, 3, 4, 6, 7, 9]; 

Bl. let r = data.iter().positions(|v| v 5 3 == 0); 

ÖZ; let rev r = data Iter().positiansitliv] veo = Barer); 
63. ror 1 in t i ünün eee", iz 1 Za OUTPUT: 2 3 2 7 
64. for 1 in rev E 1 priutlal("[i2H'", 21); } // OUTPUT: 7.5 3 2 
Bou | 


00006-920ItertoolsO 000000 Positions {000000000000 
main Jp p ppp 00000000 0 00000000000 
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HUUU count HUUU 

080001 7000 positions İİİİTİİPositionsi 00000 
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ExactSizelteratorl |[100000000000000 

50000570000 Itertools 00 lIterator[][]trait)] 00000 
Iterator] | J[trait[]O0positlons[ [1[00000000000 

(main(]00006100062000000positions[|00000Positions[|[ 
000000000for(00000000000 
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00000000 Rus EC TEJEICIEID DICIT] Cre rt HUUU 
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procedural macrol]110000000000000000000000000000Rust 
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0000000000000imp1000000000000 


00 O0Dtrait]00000000EnumJOOOOOOOOOOOOOA 


: 0000 00000000 Ltrait00000macro[] 000000 procedural 
macro[[]00000code generation HELLLLU 


7.1.1 000 


HUOO Struct HUO EaumrmRust THEODOR ust İTİL 
00000000000000000000000000000000 HADT HAlgebraic 
Data Type (1110000000000000000000Haskell10100000000000 
LİLİLİLİLİLİLİLİİ İTLİ TLİLİLİTLİ. 
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00000000000000000000000000000000000000000000 derive] 
00000000Copyll000007-1000 


10007-100000000000000000000 

1. #[derive (Debug, Copy, Clone) | 
> SELUCE Book<'a>—. 1 
SP name: &'a str, 
4. ısbn: 132) 
5 version: 132, 
6 


) 


de fn malntd 

S. let book € Book ( 

9. name: "w"Rust3⁄p⁄4S2Z 38" , isbn: 20181212, version: 1 
LU. tš 

11. let book2 = Book { version: 2, ..book), 

La printin)i("i1s1]",DbOOKk); 

E. prizin uye 7” .00k£2)7 


14. ) 


00000 7-1 0000000 Book KIOO 2000 
bookl11111000000000011000book21000010000000"°..*00book[li 
000000000000000 Dupdate syntax [10000°..*0000000000 

0000000000 Book (00000000 Ed erive[)I Copy ICToner(] 000 
Copyl]0000000Book[]000000000000000000Copyt0lH000007-20 
UU 


00007-20000000000000 


1. +[derive (Debug, Copy, Clone)l 
2 sorucu Book: 4 

3 name: String, 

4, isons 132) 

5 version: 132, 

0. ) 

7 fn main() { 

8 let book = Book { 


9. name: "Rust ##£Zi4".to string() , isbn: 20171111, version: 1 
LU 2 ht 

Lis let book2 = Book ( version: 2, ..book}; 

l2: // exror[E0382]: use of partially moved value: "book 

13. printlni ("1:21" ,D00%) $ 

14, printin! ("{¢2}",pookz) 7 

100. 


D00007-2000000Book( ma m e VIII Ttonor TU 

II 
error[E0204]: the trait Copy may not be implemented for this type 
1 | #[derive (Debug, Copy, Clone) | 

| AAAA 
2-1 struct Book + 
3 | name: String, 

[| A this field does not implement Copy 
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111111. .booklİiTililiversioni i Mb i db dO dU aa mer]Stringt] 
HOHO an ame OHOOO 7-2 DODOOO derive 
[[Copyl]Clonef1100000000000000000 1200000000 book UI 
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J N=m 1 xm? xm 3 x...xm nl İİ İLİ İLİLİLİ İLİ İİLİİTİLİLİLİLİLİLİLİLİ 
0000000000000000000000000000 combination ibd 
OOOO OOOUL 
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0000Terminal1(10100000000000000000000000000007-3000 


00007-300000000000000000 


1 fn main() ( 

2 let ni = “Helto”..ceat) son yellow); 
Ja PELE LOLA a) 

4 } 


00007-S90000000000000000000000000000000000000000 
III He! on İTTİLİLİLİLLİLİLLİLLİLİLİLİL 

OOOOOOOOOOOOOOODANSIOOOD HANSI Escape Code [T 
ANSIHLIILILLIILI ESC 01 000000000000000000000000000000 
UI BIDIDUICLAS C TI HE SCT 

: [Shell He [| 

: HASCHTLULLELİNSİB [| 

: HASCHTLLULLLNOSS I 

OOOH OOOH Rello I LILIIIANSIII IILI 
OOL 


$ echo "\e[31;43mHello\e[Om" 
S echo "\x1B[31;43mHello\x1B[0m" 
$ echo "\033[31; 43mHello\033[0Om" 


0000echoll000Linux(1(1010000000000Hellof] 


\x1 BE 0000000000ANSI0000000000000031043 0000000 
31000000000043000000000000m000000000Hellol]0000000 
x1B[0m O000O0OOOOOOOODANSIDOODOOO0007-20ESCOO000O0A 
UNUULAN SIO 


ANGISS Va 


EFT mi Nea 


nı [ cr l QQ WÓ] 
\x1B [ 31;43 m Hello \x1B [0m 
| | L | 


L | 
FSCİŞASCII ME x 
FRE 
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1.0000000000000000000004 
2.110000000000000000rediOlon vellowl ll 


3.00000000000000000O0red[]on yellow aonana str 00 
HüLiredllon yellow] 


4 D BBBBBBBBBOEBBBAN SI OO OOOO 

9 -DODDO 

00000000000000000000000 color.rs (00000000000Rust] 
LİLİİLİ.rs [HII 

0110000000000000ColoredSstringf]010000000000000000000 
000000007-4000 

00007-400color.rs[|0000ColoredString İL 


1 struct Coloredstring | 
2 ATDI? SEEING, 

Sg TOcoOloT?: SEEING; 

4 DOCOLOÉS SELIG, 
—. ) 


Lt) coloredStringD EIDDUDULUDStrim gi dim put ETC IL 
İgcolorllbgcolori ITU 


[12000000000000000000S000000 ja str (000000000000 
01000000000000000trait100000000000KColorize real WITZ, 
ƏLİLİİLİLİRusti İtraiti NN LL Nu + +I lJavalli u III 
LİLİLİLİLİLİLİLİLİLİLİ 

[LIEHIEIE]7 -5[][]color.rs [][][]Colorize trait 

1. trait Colorize ( 
2 const EG RED + &'static str = "31"; 
S const BG YELLOW + &'static str = "43"; 
4 fn red(self) -> ColoredString; 
Fa fn on yellov(self) -> ColoredString, 
60. ) 

UNU 7-5 [JUD Colorize trait [] [] trait 0 0 O FG RED [| 
BG YELLOWIOOOOOOOOOOOOUD BOBHEUU Rust 2018 DUDU 
LİLİLTTİLTİTİLİİTİLİ İİ ene rt HADAA? UU 
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IDDIE) 
LiLitrattl WITT 
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self10000000 ColoredStringl10000000000trait000000000000 
Self 1100 Oself ]Selfl]Self1100Otrait]00000Rust0000000000000 
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BUHEBBBLDUUErecevier.message TD DD BID DEED EE BEL DE CEDE UO 
recevier DUTOT 
LİLİLİLİL İLİLİL İL İİ İLİLİLİİ İLİ İLİTİLİ TİL. 


UUULLMULMColoredStringliSHa str]000Colorize[(]000000000 
Litilired 000000000000 igcolort10000000000000000000000000 
O00bgcolori]0000000000000000on. yellowf]J000000000000000 
LİLİLİLİL İLİLİL İİ İLİ TLİLİLİ İİİ İLİ İLİLİLİ LL 


ColoredStringi 
input: String::nev(), 
iugocoLor: Strı1ng22Trom("31”); 
bgcolot: String? :new(), 


} 


Lllredilon yellow[l[ IL ILIIIColoredString[i(iL I I III LI II II 
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Goloredstringi EOCOLOES Strrug:terftromi("2l1"). Belfi ] 
ColoredString| bocolor: String :strom("43"j) 5 ¿ Self | 


HO Rust OHOOO + FHLELRELULULLELLULLULLULLELLUred [] 
on yellow EDU Rust EET] sidlilidefault (1000000000 
Default [|trait|][]HLLILILILLILIL]L]L]nDPDefault[]L]L] Colored String] ]L]L]LI 
0000007-6000001ColoredString[ ]Detaultf[] 
00007-6[O0color.rs |] |ColoredString| | | Default 
1. impl Default for ColoredString ( 
fn default() -o Self ( 
ColoredStrıng | 
input: String::default(), 
f£ocolor: String: default t); 
Dgcolor: Striugdgs:defaultuüu. 
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Ba ) 
Fa } 


[][]Default[ | |)eétd[]| pprelude[]]v1 (0000000000000000000 
0000000Detault]Rust[11000000000000Default (00000007-6 
000000 String JU default KANO String0000000000000000 
ColoredString[]&[]a str Colorize[]0000007-7000 


00007-7 00 color.rs [][] ColoredString |& Ja str [|[| 


Colorize 

1. impl<'a> Colorize for ColoredString { 

2 fn red(self) -> ColoredString ( 

3 ColoredString{ 

4, Pgcolor: String: :trom(Colorenstring:iFG RED), «SALI 
Bu } 

6 | 

] fn on yellov(self) -» ColoredString ( 

8 ColoredString { 

d. bgcolor: String::from(ColoredString::BG YELLOW), ..self 
LU. ) 

ll; } 

12. j 

13. impl«'a» Colorize for &'a str { 

Ih, fn red(self) -> ColoredString ( 

15; ColoredString ( 

10. fgcolor: String::from(ColoredString::FG RED), 
diu input: String::ifrom(selrf), 

18, ..ColoredString::default () 

19. } 

20. } 

zl, fn on yellov(self) -» ColoredString ( 

24. ColoredString { 

23; bgcolor: String::from(ColoredString::BG YELLOW), 
CP input: String::from(self), 

23. ..ColoredString::default i) 

25, ) 

21; } 

28. |) 
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TT on yellow(]00000000000000000000000000Coloredstringl[] 


[10 Colorize (000000000000000 ColoredString 000000 
ColoredString[ ]00Colorize000000000000 


00007-700400090000000000..selt00000180002500000000 
000..ColoredString[ | [detault]00000000000000000000 redli 
on yellowl]00010000000000Coloredstringl10000000000000000 
000000000Coloredstringll0000000selt10000000000000 


0000000000000000000000Coloredstring[ 0000 Colorizef[] 
Oda poa dogo 0000000000 ColoredString TİH FG RED [| 
ColoredString[][BG YELLOW(0000000000000000000 ANSI [] 
0000000000000ColoredString[|[compute stylef110000007-8t 
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00007-8[ color.rs TiliColoredStringlilicompute stylell 


d impl ColoredString{ 

2 ra Gömpbuta styletseelt) => String | 

3 let mut res = String: sErom("ixl1B[") > 
4 Let mut has wrote = false; 

Da LL iself.bgoolor,i1s emptyt) i 

6 res.push str(&sself.bgcolor); 
7 has wrote = Cris; 

8. } 

9 LE self, Egesloer.ı1s Empty () | 

10. LE has wrote 4 res-push4”?”)? | 
ləl s res; push sbtr(&sell.igcolor)]; 
Las } 

UE á res.push('m'); 


Lat A res 
L; } 
l6. | 
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bgcolor NUUUNNUUNUUUNUNUNUUUNUUU bgcolor (00000 
push str (0000 res [IILI II push str QQ00U&str 000000000 


[] kselt.bgcolor[]0004String 00000000000 éstrodo0000 
has wrote[]J[]|]true[] 


00090001 200 fgcolor TTT D Eg coder TIE] E Ires] 
LLULLU LIL as wrote[]00000000000000000 res 00000 
10000000000 ANSI UNUNU unu 00000000000 
ITT 43031 0000000000000000000000000S 10 
43 0000000000 

0130001 400000000m TİTİİLİİTİLİLİİİLİİresl İTİN S TT] 
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00007-900color.rs [[1ColoredString | [Display 

ts MES STINE; 
Imel fmt; «Display for ColoredString 1 
fn fmtiğself, f: &mut fmt: Formatter) => fmts:Result | 
let mut input = &self.input.clone(); 


Lryi(f.wrlite str(eselt.compute style())): 


2 
3 
| 
5 
G. LEY (E. WELLES Ste pun): 
7 try! (£, write str ("Nx18B [0m") ) ; 
8 Ok (()) 
9. } 
LD, J 
Display []|]l]L]std[]L]fmt]][]trait[][ ]nn»DDebug[]L]LIL]IDebug[lLILILIL 
000000trait100+00+ 0000000000000000 UTbebug iini ibi 


O000000Debug OOOHOOIderivef]Debugi)l (00000000 Display [| 
ULA # 0000000000Debugil0000000000000000000000 


00007-900000000DisplayO000fmt0do00éseltf IILI IILI I! 
000imt[00Formattert]0000000000000000000000000000000 
write str00000000000000000000imt 00000 Good Ubesul UI 
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00040000input0000000Coloredstring(]00000input000000 
LİLLİ 

00020007000write. strEDpp AN SIQUUUUUUUUUUUUAN SIT] 
ITU yu UU Rust 0000000000000000000 
000000000000 Err100000000000000000000008000O0k0o0o0o000 
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1 fn main() ( 

2 let hi = "Hello".red().on yellow(); 
3 PELNELAS tuy, Dal; 

4. let hi = "Hello".on yellow(); 

Dü PELALIN SEE ME) 

6 let hi = "Hello".red(), 

7 printinl("ir", BL)? 

Os let ni = "Hello".on yel Low().red(); 
M Prin eh pm hijs 


l0. | 
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1000 Enum[j Rust UOUUUDUDUDDDUOOUDUDDUDUD Rust UN 
Graydon DO DO E C OOOH OOH ao bd al VT 
WOU" Graydon(JUUUUUUlamb dal TTT 
UU Rust LI IILI II 

LİLİLİLİLİ İTİL”. 

UI Usum Ty peri inp i p IILI II ununun 
LİLİLİLİLİLİ İİİ İLİ İL OLUNUZ LJLIILILILILILI 1 HUUUL 
LİLİLİLİLİLİLİLİLİLİm 2 BİLİLİLİLİLİLİLİLİLİLİLİLİLİn DUU 12 n LİLİLİLİİLİL İL İTİLİYİ? 
QUNDO m 1 +m 2 +...+m n LİLİLİLİLİLİLİL İL İLİL İL İLİLİL İLİL İLİLİLİLİLİLİLİLİLİLİL 
LİLİLİLİ Tİ TİİLİ İİ İTİLİLİİ TİTLİLİLİTİ TİTİLİLİL İLİ LİLİT OOO 

RustUUUUUUUUU9 ption TEDOIEIDBIDIB DIDIT ULU ny 7-1 1000 

LUODIEI7 -13 110 tion] TANDA 

1 pub enum Option<T> { 

2 None, 

ce Some (T), 

4 ) 


Option İTTİLİLİLİLİİLİLİLİLİLİLİLİİİLİ 00 UUUUUUUUUUUUUUUUOUUUL 
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00007-1 20000000000 


1 enum Color { 
Zə Red, 

a Yellow, 
4 Blue, 
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LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLLLİLT7-131 
LİLİLİLİTİLİLİLİL. 


00007-13000000000000000000 


ie Glass: Colort } 
749 class. Rea: Colori] 
34 class Yellow: Color1) 


4. class Blue: Color{ } 


U0007-13000000000RubyUPythonlJavalC + + 000000000 
HOOD Color HAO Red Yellowf] 
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0000000000000000 color.rs (110000000000000000000000 
LİLİLİLİLİLİLİLİİ İLİ A 


° U00000000000000000000000000 000 

 10000000t0 0000000 Egcolort]bgcolor(]010000 

“ U000000000 0000 

0O0color.rs[ ||] 

00007-1200000000Color(]000000000000000000000Colorf] 
00000000O0ANSIO0000000000007-14000 

00007-1400 Color |J000000000000ANSIOOO 


ku  düpl Ces? 

Za in to fg str(&sell) => &str | 
Fa match *self { 

4. Color. “Red => "31"; 

SS, Color::Yellov => "33", 
6. Color::Blue => "34", 
Ta ) 

B. ) 

.. fn EO bg SLUTİ(CSOLL) => aster | 
GEI, match *self ( 

11. Color::Red => "41", 

12; Color: : Yellow => "43", 
13. Color::Blue => "44", 
At, } 

LS, ) 

Lom / 


00007-1400impl0000Color(]000000to fg str[]to bg str) 
00000000000000 ANSI 000000000000 match (0000000 Color 
WOUSST OUT 
*self TTiselfl 10000 


000000000 ColoredString |] fgcolor [] bgcolor (00000000 
00 7-15000 
ULUL”7-1511LlUColoredStringi | 0fgcolorf İbgcoloriTil 


1. #[derive (Clone, Debug, PartialEq, Eq) ] 
struct ColoredString { 
ın: SELFIE: 
Igqocolor? Ontronscalore; 


2 
3 
4 
SS, bgcolori Optrionscolors, 
6 ) 

7 impl Default for ColoredString { 
8 fn default() -> Self { 

9 ColoredString 4 


LU. inputs String: wasanii), 


LI. fgcolor: None, 
12; bgcolor: None, 
LS ) 

14. ) 

Lə... 


O00 7-15 Hfİgcolor [bgcolor (000000 OptionlIColorlil 
fgcolorf]bgcolorf]00000000000000000000000000 Option TT 
TTT De empty(10000000000000000000000000000000000 
LILILILHOptionl1ColoriTİTTHfigcolorllbgcolorfİ İTİİLLLLLLLLLENonetl 


ULLULLULLUColorlillFromilİLiSestriiSiringiiLiULLİLLLLC ologd 
000000000000000000000000007-16000 
00007-1600Color/ || Prom 
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use std::convert::From; 
use stdşısurəo/Fromotbrey 
use STAs: Strings’ sstring; 
impl«'a» From«&'a str» for Color { 
fn from(sro!i! S8LEI -> Seli 1 
Sro.parse().unwrap or(Color::Red) 
) 
} 
imel FremcString> for Calar í 
En Eromisres String) => Self 1 
ST: parse() sunwrap orlColor: Kea) 


} 


e d 


e impi FremStr for Color | 


type Err = (); 


in from stri(src: &str) -> Besult«5elr, 


LƏL Bre = Gg, Lë lewercase() ; 
match Ssro.as rekl) 4 
"red" => Ok(Color::Red), 
"yellow" => OK (Color: : Yellow) , 
"blue" => Ok(Color::Blue), 
_ Ar rr), 


) 


- J 


Selfi:Err» | 


HULMFromlULULULUU( std[]Lconvert|][]From || std|[][]str|]|| 
FromStr [(std[] 0 string[]( String J00007-160040001300 
ColortiLLLLİSestriiStringlililliroml TİLLLLLLparse (0000000000 
000000FromStr 1TİLLULT4HLLUZ2 4HLLUColorHUuLFromstril 


00 FromStr H from str NUNNULUNU 000000000000 Result 
OSelf Self Erri 0(0000000000000000000000000000000 
to lowercase[]000000000000000000000match(000000000000 
Color()0000match[100000000000000000000000000Err000000 
000000000090000 


00060001100parsel0000000000 0 un wrap: ermrrparser] 

O00Result(10000000klT0000000Gunwrapi0000000000ErrLT 

01000000000000 Color JRed[]010000000000000000000000000 
01000000000000000Colorizef][trait(]0100007-17000 
00007-17000Colorize 

1. trait Colorize { 

2 fn red(self) -> ColoredString; 

3 fn yellov(self) -> ColoredString; 

4 fn blue(self) -> ColoredString, 

a. in Göloro: Inte<Color>(seli, colori 5) > Cöloredtrling, 

6 fn on red(self) -> ColoredString; 

7 fn on yellow(self) -> ColoredString; 

8 fn on blue(self) -> ColoredString; 

B. tn öh Golot«5t Inte<Color>>(self, color: 5) > GColorédString; 

lU. | 
10000000000000Colorize[]100000020009000000color(]00 

on colorf]1110000000000000000000000000000 


000ColoredString[] [Ja str0000Colorize00000000000000 
00007-18000 


00007-18[0ColoredString ]|&| ja str] ] Colorizej| III 


impl Colorize for ColoredString ( 
fn red(self) -> ColoredString {self.color(Color::Red) } 
fn yellov(self) -> ColoredString {self.color(Color::Yellow) } 
fn blue(self) -> ColoredString (self.color(Color::Blue)) 
fn color<S: Into<Color>>(self, color: 5) -> ColoredString { 
ColoredString { fgcolor: Some(color.into()), ..self } 


fn on red(self) -> ColoredString {self.on color (Color: :Red) } 

fn on yellow(self) -> ColoredString { 
self.on color (Color: : Yellow) 

| 

fn on blue(self) -> ColoredString {self.on color(Color::Blue)) 

fn on color<S: Into<Color>> (self, color: S) -> ColoredString { 
ColoredString { bgcolor: Some(color.into()), ..self ) 


) 
impl<'a> Colorize for &'a str ( 
fn red(self) -> ColoredString {self.color(Color::Red) } 
fn yellov(self) -> ColoredString {self.color(Color::Yellow) } 
fn blue(self) -> ColoredString {self.color(Color::Blue) } 
fn color<S: Into<Color>>(self, color: S) -> ColoredString { 
ColoredString { 
fgcolor: Some(color.into()), 
input: String::from(self), 
..ColoredString: :default () 


20» tn on rediselt) -> ColoredString (self,en coler(Colory: Red) | 
29; fn on yellov(self) -> ColoredString { 

30. selt.ön color (Color: :¥éllow) 

tk a } 

32; En on blue (self) -> ColoredString [self.on color (Color; Blue) | 
20: fn on color<s; Into«sColor»P(self, color: 5) => Coleredstring + 
34, ColoredString { 

39, bgcolor: Some(color.into()), 

36. inputs Strang: sTrom(self), 

31; ..ColoredString::default () 

20. ) 

SCH 

40. ) 


00000 7-18 00000000 color [] on color [11000000 trait [I 
(0 SO0I1nto[)Color(]000000Color[]00From[ (000String[]A[ Ja el 
0000000into00000Colorf] 

000000000000Ocompute style[]1000Coloredstringl]00000 
0000000000000110000000000000007-19000 

00007-19000compute stylefl Il 


compute style i lb db Tel ITT Toon 


impl ColoredString { 


) 


fn compute style(sself) => String | 


let mut res = String::from("\x1B["); 
let mut has wrote = false; 
if let Some(ref bgcolor) = self.bgcolor { 


LE has wrote | res.pusnu(”2”)21) 
res, push stribgcolor-to bg str()); 
has wrote - true; 


) 


if let Some(ref fgcolor) = self.fgcolor { 


it has wrote iresspnsh(*s*")2 
LƏB.Dush str(lgooldr.Lo Ig SUE); 
) 
res.pusn ("m") ; 


LES 


0000000 7-2 0000 


LULL7-2011mainiTi 
1. fn main() 1 
2. let red = "red".red(); 
35 printin!("{}"; red); 
4. let yellow = "yellow".yellow().on blue(); 
2: println! ("{}", yellow); 
6s let blue = "blue".blue(); 
Fy println!("()", blue); 
o. let red = "red".color("red"); 
2. EE le CHECK, Ted); 
LU: let yellow = "yellov".on color ("yellow"); 
11 printin! ("{}", yellow); 


0000000000000000000000000000cotort]on. color (0100000 
0100000000000000color.rs1100000000000 


000color.rs(]10101000000000000000000000000000000000 
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ILILLINewtypeliu LIL IL IILI LIDrop[ IL III 7-21[IU I! 
10007-2 HIT Drop 


Ll. Surucu PELACDEODAS Static: Str); 


2 impl. Drop: ror Prinrtpron í 

c fn drop(&mut self) { 

2 prıntini ("Dropping 1:7, selr.0) 
> ) 


6. ) 

LİLİLİ177-2 İTİETİLLİİLİLİLİLİLİLİİLİLİLİLİLİLLİLLİNevvtypetlliLİLİLİLİLİLL 

LİLİLİLİLİLİTLİLİLİLİLİLİLTİLİİLİİLİLİTİLİTLİLİLİLİLİLİLİLİLİLİN ew ty pet TI us TI 
LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİ LİLİT İLİLİLİLİLİL İLL İİLİLİ İNevvtypeftll) 

` LİLİLİLİLİLİLİLİLİLİLİ OOONewtypelj000000000000000000000000 


° 0000 000000:6400000Milest[]t64[]]Kilometers[]f6410000 
LİLİLİL İL İLİLİL İİİ İLİ İLİ İLİ LİL İ İLİ İLİ LL 


 00000000000000 000 164 000000000000 Milesflte40000 
00000000000000Copyll00Milest]t64000000004 


LİLİİİ117-2 1111iNevvtypeltlLİLiLİ p p p unu ununu 
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LİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLUİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 7- 
22000 


HODIE -2 200000000 


Le TR mani; 1 
Za let x = PrintDrop ("x"); 
d let y = PrintDrop("y"); 


4. ) 
00007-2200000000007-25000 
00007-23000007-2200000 
Dropping y 
Dropping x 
LİLİLİLİLİ x[ İİİ yOUOUUUUUUUUUUUUUUUUUUUOOOOULU 
LiRusti HUOO 
LiL 
010000000007-24000 
010007-24000000 


fn main() Í 
let tupl 
let tup2 


KBLINEDFORT o” Errınebropi"b”ı. BrintDropiec"])J4 


[PrintDrop4"x"')y, Printbropi"yv'"9, PrintDropi"z"))3j 


A (0 Ph Hr 


| 

00007-240000000000007-25000 

00007-25000007-2400000 
Dropping 
Dropping 
Dropping 


x 
y 
z 

Dropping a 

Dropping b 

e 


Dropping 
IOC 
LL 


HUUUUtup2 OOHOOOOOOOOOOOOOD panic (TTT ITT 
17-26000 


LLİTİT7-2erTilitup211İLELLLLİLİpanici İT? 


1. fn main() { 

23 let tupi = (PrintDrop ("a"), PrintDrop("b"), PrintDrop("c")); 
ES let tup2 = (PrintDrop("x"), PrıntDrop("y"), panic! ()); 

4, 


| 
[panic TT Tom ao TTT 7 -2 7000000 
LİİTİLT7 -2 7 HODIE 7 -2 600000 


Dropping y 
Dropping x 
Dropping a 
Dropping b 
Dropping c 


LİLTİLİLTtup 2DEIEIDEIEIDEIEIDEIEIDEIEIDUE 7 - 2 4 TEBEIEIBUIEI DECIDE DETTO 
Q00d000 tup2 TİTLLİİLLİİ tup2 DUDU 
LİLİLİLİLİLİLİLİ TD TC İTLİ İİLİİLİTİLİL? 


LİLİLİLİLİLİ? 
LİLİLİLİLİLİLİ İLİ İLİLİTLİLİLİLİLİLİLİLİLİİLİLİLT7-2 8000 
10007-280000000000000 


enum El 

Foo (Printbrop, PrintDrop) 
) 
struct Foo{ 

x: PeineDrop, 

və PrintDrep, 


Ss PrintDrop, 


OO al Oğ) Ch 145 CO bo rr 


} 
fn main() { 
let e = E::Foo(PrintDrop("a"), PrintDrop("b")); 
let f = Fool 
si BEIDE"): YE PELOLDEOD(US"); gı BEISERERBT" 7") 
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Dropping x 
Dropping y 
Dropping z 
Dropping a 
Dropping b 
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UI AAN 
LİLİLİLİLİLİ 
LİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİT7-3011Lİİ 
00007-30000000000000 


fn main() { 

let z = PrintDrop("z"); 
let x = PrintDrop ("x"); 
let y = PrintDrop("y"), 


let closure = move || (v; z/ x; }; 


O) U dë EN FP 


e 3 
LİLİTİLT7-3OTİLİİLLİLİLİLİLİLT 7-3 TO 
00007-31000007-3000000 


Dropping y 
Dropping z 
Dropping x 


A 


ICT. 
32000 


00007-32000000000000000000 


fn main() 
let y 
let x 


PrintDrop('"y"); 
PrintDropi"x'); 


ııı — 


let z = PrintDrop("z"), 


1 
2 
3 
4 
he let closure = move || { 
6 t Let z rel = 821 | 
7 X; Y; Zr 

O. ); 

9. ) 
010007-520000000000000000000200000000000007-3531000 
00007-33000007-3200000 

Dropping z 

Dropping x 

Dropping y 
0000000000007-500000000000zZ0movel4000000000000000 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ move HUUULUULULULULULUULUUUZ > x > 
YLİLİLİLİ İLİ TLİ İLİTLİ. 
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LİGoFTİLİİLLİZ ƏTİLİİLİLİİLİLİLİLİLİLİİLİ zonu ununun 
LİLİLİLİLTİLİLİLİ. 20 [JLI IILI OD UID 00d nunun nyan ni 
UU don Do CIO EIE CIO DIETO DC ACTI 


“ LİLİLİLİLİLİLİ 
 LİLİLİLİLİLİLİ 
 LİLİLİLİLİLİİİ 
“ LİLİLİLİLİLİLİ 


LEE Rust IILI DICITO trat JOUOOOOOOOOOOOOOOWUU 
trait JC IE TDI DICE OCIO DEED DICE EDIDI CIE DUCI Oooo 
LİLİLİLİL İLİLİL İİİ İLİ İİİ İİİ İLİ İLİ İLİ İLİLİL İL İTİLİ İLİ İLİLİLİLİYİLİL? 


Rust DEED TD CD CCCII HUUU 
DEICIETDOICIED UNLU Rust ALL IILI IILI Rusti 
LİLİLİLİL İLİLİLİLİLİLİLİLİL. 


7.2.1 00000 


Rust CET CEDE LİLİT İLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİ 
LİLİLİLİLİLİ İLİLİLİLİLİLİİ İİ aval İLİLİLİLİLİİİİİLİLİLİLİLİLİLİLİİİLİLİLİLİLİLİ 
OLİİLLİC + -FTTLİTİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLLLİLİRustl TEIEIEIEU a va TE] 
SC A AA 
DDD ODO OOOO OOOO nn Rusha 
ULULULULLL 


00000 Builder Pattern NA Rust OOOH 
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0007-34 0000000 


© — G Öl a» GW Bo FP 


struct Circle { 


xe 264, 
vs Tog; 
radius: f64, 


} 

struct CircleBuilder { 
xe Tod, 
y: £064, 
radius: £64, 

} 

impl Circle { 

-> £64 | 

stas 25647 3553 E3 ip ” 


fn area(&self) 


} 
fn new () 


CircleBuilder { 


-> CircleBuilder { 


x: D.D. YE 0.0, KAALUS! 
) 
} 
} 
impl CircleBuilder { 
fn x(&mut self, coordinate: £64) 
self.x = coordinate; 
self 
) 
fn y(&mut self, coordinate: f64) 


self.y = coordinate; 


(self.radius * self.radius) 


- 


-» &mut CircleBuilder ( 


-» &mut CircleBuilder ( 


28. self 


29, } 

20. fn radius(&mut self, radius: f64) -> &mut CircleBuilder { 
3 s self.radius = radius; 

32. self 

33 ; } 

34. fn build(&self) -> Circle ( 

35; Circle | 

36. x: self.x, y: self.y, radius: self.radius, 
d. ) 

38; } 

3295 d 

40. fn main) 1 

41. let c = Circle::new() 

42. AX 1,07 «7124 0) radius (240) 

d a e bullQ 07) 

44. assert eq: G. ar6a [), 12.3060370014359172)/ 

45. assert eqi (ox, dV) y 

46. assert ed! (c.y, 240); 

47. ) 


Q00007-34 O 000000000000000000000000000000000000000 
[III] 

000100020000000Circlel]00xOyllradius(]100000000000000 
LİLİ 

0006000100000000CircleBuilderf NDOO Circle Tin eL] 
000000000000000Circle[]00CircleBuilderf] 00000000 

0001100020000000000000areaf]newf]area[]00000std[ 
f64 [| consts[][] PIE DB ODIO HD HELL HL EL EE E] Ene w DE ELE EL ET 
CircleBuilder[][][] 

LILILIZ 11i11139111CircleBuilderl LİLLİ TfixliyliradiusT ETE] 
ULULLLICircleBuilderlililUHLUEULULULRLELULELLUREULRELULURU 
buildHUlU3ULLUCircle BullderliUULUMLMMCircleLiULMMLULL 


00000000000000 main (0000 Circlefflinevvlili.x111.011.y 
[|2.0[].radius H2.011.buildiTi 000000000000Circle00000 


LRustl TİLLİLİLLLLLLLULELLEstdlliprocessllllCommandfilii 
LLLLLULLLLLLİ7-3əLLLLLLULU 
LLLLT7-351istdi | pprocess|]|]| Command] 


1. use std::process::Command, 


2 fn main() { 

3 Command: :new("1s") 

4 par (a) 

24 T- aa est) 

6 . Spawn () 

f .expect("ls command failed to start"); 


8. | 
0000000007-350]0Commadfl100000007-340000Circlel]000 
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Rust[] IILI LIL IILILIL D Visiter Pattern (1110000000000 
LİLİLİLİLİLİLİLİLİLİLİLİLRusti UU 


Rustilj II II III I 
RustlTLLLLİTİLTİLİTİİ7-SeTiri 
00007-36Rust 00000000 


l. mod ast | 

2 pub enum Stmt { 

3 Expr (Expr), 

4. Let (Name, Expr), 

c ) 

6 pub struct Name { 

7 value: String, 

8 } 

SS, pub enum Expr { 

det, Lntb5bab0x54), 

Ld s Add (Box<Expr>, Box<Expr>) ; 

12; Sub (BOx<Expre>, BOXEEXDY”), 

13. ) 

14. ) 

15, mou Visit i 

154 usc sev: s: 

Dd te pub TESIE VLSLLOY€L- y 

18. fn visit name(&mut self, n: Name) => T; 
19, fn visit stmt (&mut self, s: &Stmt) > T; 
210) ; fu visit expr (emut self, Ss SExpr) -> TI: 
Sls ) 

SE. J 


LİLİ11177-36TİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLLİ ÜRustüUUUUUVUL 
0000000000000000ast DILE TIS emit] Name Expr DELE O ILimodi | 
1000000001000000000000000 

(ITT? ast TİLİLİİ III III İLİLİLİL İLİ İLİLİLİL İL İLİLİLİLİLİTİTLİ İTİLİLİTİTİL. 
LİLİLİLİL İL İLİLİİ Tİ İLİ İLİLİL İİ İLİLİLİL İT İL İTİTLİLİL İT İLİ İLİLİL İLİLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
DDD OOOO OOOO IILI Rusi II IILI III III! 
LİLİLİLİL İL İLİLİİ TİL İLİLİLİL İTİ İL İLİLİT İT İLİLİLİLİL İT İL İL İLİLİT İLİ İTİLİLİL İLİ İTİLİLİL İLİ İVİLİLİLİ 
ULU LI 

 LİLİLİLİLİLİLİLİLİLİ 

“ LİLİLİLİLİLİLİLİ 


LİLİLİLLİİ 7-36 [Inest TİTİLİLİTİLİLİLİLLİİİLİLİLİLİLİLİLİLİLİİLİİLİLİvisidl Lİ 
[Visitor trait | ILILILILILILILI DC CIC LİLİT ia! 
LİLİTİLİLİLİLİTİLİLİLİİTİLT7-3 7000 


00007-370000000Visitor 


l. Use VLSI DY 

2 use astş:”? 

3 struct Interpreter; 

4 impl Visitor<i64> for Interpreter | 

Fe fn visit name (&mut self, n: &Name) -> 164 { panic!() } 
6 fn visit stmt(&mut self, s: &Stmt) -> 164 | 

7 match *s { 

8 Stmts cExpr (ref e) => self. visit exprie), 

9. Stmt::Let(..) => unimplemented! (), 

LD , } 

lla ) 

12, fn visit zpr (emut seli; € sExpr) -> 164 | 

13. match *e { 

dät, Exprssintietr in) cə nm, 

15. Expr::Add(ref lhs, ref rhs) => 

Lö: self St expr(lhs) + seli.vısıl expr (rhs), 
(be s Expr::Sub(ref lhs, ref rhs) => 

Ll s self.visit expr (lhs) ~ self.visit expr(rhs), 
19. ) 

E. ) 

2l. ] 


00007-270000Interpretert|I]Visitor(10000000000000000 
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serde 0000000 


000000000000000000000Serde (00000Rust00000000000 
000000000Serde 00000000 Serialize (000 UN Deserialize 
00000 00000000Ser [De (00000000Serde0000000000000000 
00000000000000000000000000000000Serde[]0000000000000 
ULJSON[IXMI[]BinCode[]YAMI[]MessagePack|[]TOMTIq[][] 


Serde HDD E m n I m ED ETE CC Gerd en 80000 
000000 Rust 0(0000000000000000000000Stringi]option un! 
seq[]tuple[]tuple struct[]map[|struct [00 O0option[ ]Option Ta 
OOotuple struct(]0000000seg00000000Vec0T000000000maptf] 
00k-v10000000HashMapfk[v)000000000000Serde[]0000000 
OOL 


LILILILISerdel İİ TİLLtraitl TİTİLİLİLT7-381Tİ1İL) 
HEIEIE]7 -38[ iSerdel LtraitiTi 


1. pub trait Deserialize<'de>: Sized { 

2. fn deserialize<D>(deserializer: D) -> Result<Self, D::Error> 
24 where D: Deserializer<'de>; 

4. |) 

5. pub trait Deserializer<'de>: Sized { 

Ön type Error: Error; 

Ta fn deserialize any<V>(self, Visiter: V) 

8. -> Result<V::Value, Self::Error> where V: Visitor<'de>; 
9, fn deserialize str<V>(self, visitor; V) 

10, -> Result<V: :Value, Self::Error> where V: Visitor<'de>; 
LI 3 

12. | 

l3. pub trait Visitor<"de>: Sized 4 

14. type Value, 

Las fn visit bool«E»(self, v: bool) -> Result<Self::Value, E> 
18. where E: Error, 

(uff { 

10. Err(Error::invalid type(Unexpected::Bool(v), &self)) 

19; } 

20. fn Visit Str<E>(selt, vi ti) -> Result<Self:sValue, ES 
zı, uhere E: Error, 

22. { 

Zə: Err(Error::invalid type (Unexpected::Str(v), &self)) 

24. } 

25. 


HMLLU7-SSHLMUUUHH(UULMUELHtraitTiLL Deserializer|]Visitor|][] 
traitl TTT serde [10000000000000000000000 
OTTO OOOUUOCOOOOUOOOUOOOOOUUOOL 


LLLTSON 000000000000000000serde )sonflilillSerdefllil 
JSONDOOO0DOOUSONOO0O00000000000000Valuel000000007-39 


OOL 


Q0007-39||serde_ json|[ HUU Value HOHO 


1. 


d 


2 
3 
4. 
Fi 
6 
7 
8 


+ [derive (Debug, Clone, PartialEg) ] 


pub enum Value ( 


) 


Null, 

Bool (bool), 

Number (Number), 

Sring (String), 

Array (Vec<Value>), 

Object (Map<String, Value»), 


00007-390000Value(00600000000000)SON000000000000 
00000000000000SONOO00000000Rust00000000O0serde jsonf[] 
0Serde[]0000trait(0O0Deserializef[ |Vistitor[]Deserializer[ LİLL 
7-40000000 Visitor |DeserializerH HUO 

(00007-40[serde  isoni | Visitor İDeserializeri İLL 


1. impl<'de> Deserialize<'de> for Value { 


WAA fn deserialize<D>(deserializer: D) -> Result<Value, D::Error> 


d where D: serde::Deserializer<'de>, 

4 | 

» struct ValueVisitor; 

6. impl«'de» Visitor<'de> for ValueVisitor { 

] type Value € Value; 

8 fn visit bool<E>(self, value: bool) -> Result<Value, E> { 
CH Ok (Value: :Bool (value) ) 

10. 

ıı. 

12, 

13; deserializer.deserialize any(ValueVisitor); 

14. } 

15, ] 

16. impl<'de> serde::Deserializer<'de> for Value { 

Lie type Error = Error; 

18: fn deserialize any<V>(self, visitor: V) 

19. -> Result<V::Value, Error> where V: Visitor<'de>, 
20 s ( 

als match self { 

WA Value::Null => visitor.visit unit(), 

29. Valle: :Bool(v) => vis$lLor.visit bool (y), 

24. Value::Number(n) => n.deserialize any(visitor), 
23, Value: ;String|v) => visiter ‚visit string lv); 
26. Value::Array(v) => {visitor.visit seq(...)}, 
21. Value::Object(v) => 1 visitor.visit map(...)} 
22. ) 

20, ) 

50% 4 


100000000007-40000000000000 1 serde json Qu 
Deserialize[]0 0000 deserialize (0000000000000000 
deserialize [10000000 ValueVisitor(]000000Visitor[]000000000 

serde json [] H Value [] H 0 serde |] [] Deserializer 1111 
deserialize any[)01000000000000000000Valuel]00000O0matchf] 
0000Value(000600000000000Gvisit eg 


0000 Serde (11000000000000000000000000000000000000 
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Rust (TU RAH (0000000000000000000000000000 
DORA O nd 000007-41 000 


010007-410RAITUDU 
1. #[derive (Clone) ] 
2. pub struct Letter ( 
d text: String, 
4. ) 


pub struct Envelope { 
letter: Option<Letter>, 
} 
pub struct PickupLorryHandle { 
done: bool, 
} 
impl Letter { 
pub fn new(text: String) -> Self { 
Letter {text: text} 


} 
impl Envelope { 
pub fn wrap(&mut self, letter: &Letter) { 
self.letter = Some(letter.clone()); 


) 
pub fn buy prestamped envelope() -> Envelope ( 
Envelope {letter: None} 
} 
impl PickupLorryHandle ( 
pub fn pickup(&mut self, envelope: &Envelope) { 
/*give letter*/ 
} 
pub fn done (&mut self) { 
self.done = true; 
println! ("sent"); 


) 

pub fn order pickup() -> PickupLorryHandle { 
PickupLorryHandle (done: false , /” other handles */} 

} 

fn main() í 
let letter = Letter: :new(String::from("Dear RustFest")); 
let mut envelope = buy prestamped envelope(); 
envelope.wrap(&letter); 
let mut lorry = order pickup(); 
lorry.pickup(&envelope); 
lorry.done(); 


0000741 0000000000000001 00040000000 Be tee mt 0000000 
01500070000000Envelopell0000000000 Option better UI 
000000000000000 8 000 10 DEDUCI Pickup Eorry Handlet UI 
000000000 boot (0000done 00000000011000200000Lettert] 
Envelopel]ililnew[]0000wrapll00000000 


02100023000000buy prestamped envelopellLiLiLLiLletter 
0000 None[]Envelopel]00000000000000 


024000320 PickupLorryHandle|] pickup ONO doned 000 
00000025000550000order. pickup TIET 


LİTTİLİLİTİTT7-SLİLİ 


Letter::nevv 
— 
| wrap 


buy envelope ia order pickup NER 
— SS 


07-3000007-4100000 
O00Omainf]0000007-42000 
00007-42[00mainf[] 


fn main () Í 





let letter = Letter::new(String::from ("Dear RustFest")), 
let mut envelope = buy prestamped envelope () ; 
envelope.wrap (&letter); 

let mut lorry = order pickup(); 

lorry.pickup(&envelope); 


lorry.done(); 


OO $ O) VI A WWW xXx 


LİLİLİLİİ İLİLİ İL İLİLİLİ İİ İLİLİİ LL İLİ İLİ İLİ İİLİTİLİLİ. L 

: Letter İLILİLLİLİLİİETİLİİLİLİLİLLenvelopellLİLİLİLİLL 

* LİLİLİLİLİLİL İLİ İLİ İLİ İLİLİL İLİLİLİLİL İT İLİLİL İLİ İLİ İLİ İL İLİ İLİYİLİ 

* LİLİLİLİLİLİLİİ İLİLİLİ İTLİ İLİLİLİ 

LİLİLİLİLİİLİLİLİLİLİLİLİİ. RAH [II IILI 7-41 0000000000007-43 


00007-43000RA HO O0000007-41 


pub struct Letter { 

text: String, 
) 
pub struct EmptyEnvelope (| 
pub struct ClosedEnvelope { letter: Letter } 
pub struct PickupLorryHandle { done: bool } 
impl Letter { 

pub fn new(text: String) -> Self { 

Letter {text: text} 
) 


Y 
. impl EmptyEnvelope { 


pub fn vrap(self, letter: Letter) -> ClosedEnvelope ( 
ClosedEnvelope (letter: letter) 
) 


17. pub fn buy prestamped envelope() -> EmptyEnvelope { 


18, EmptyEnvelope {} 

196 J 

20. impl PickupLorryHandle { 

çel pub fn pickup(&mut self, envelope: ClosedEnvelope) { 
22. /*give letter”/ 

22: ) 

24. pub fn done (self) 11) 

28. I 

26. impl Drop for PickuplorryHandle ( 

als fn drop(&mut self) { println! ("Sent"); } 

28. } 

23. pub fh order plokup() -> PicküplorryHandle | 

30. PickupLorryHandle (done: false , /” other handles */} 
Sla 4 

392. fü fidifi()4 

33. let letter = Letter::new(String::from("Dear RustFest")), 
34. let envelope = buy prestamped envelope () ; 

39. let closed envelope = envelope,wrap (letter); 

30% let mut lorry = order pickup () ; 

31. lorry.pickup (closed envelope); 

38. | 


1000 7-43 (00000000000 Envelope [166 UE 
EmptyEnvelope []ClosedEnvelope (000000000000000000000 
00000 EmptyEnvelope[]00wrap0000000000000000letter(]000 
I ClosedEnvelope07 00000 letter [1D HO DL I DEL BL EE B E] U D] L 
buy prestamped envelope [10000 EmptyEnvelope[]00000000 
LİLİ 

PickupLorryHandle[][][]pickup[]LLLLlLI LL] L]'envelope [jl JLI 
ClosedEnvelope [] [] ODO ODO ODO B I. HL. B] ELE] DE BED. 7. HE 7E EE EH 
PickupLorryHandle[ | ([0Drop[]00drop[10000000done[ 0] 


Lİİİ1117-441111lmainl [IILI IL 
LİTTİT7-441İTimainiTl 


. İn main() { 
let letter = Letter::new(String::from("Dear RustFest") ); 


let envelope = buy prestamped envelope () ; 


d 
2 
3 
4. let closed envelope = envelope.wrap (letter) ; 
5 let müt lorry = order piöküp (0 

6 lorry.pickup (closed envelope) ; 

7 


) 
00007-44(10000000sent]000PickupLorryHandlef[ | Olorry[] 
main[|10000000dropl]00000RAH000000000000000000000000 
[IL] IL) 
OOOO RA ODO Go FONDO IILI Rusi JRAHOOOOOO 
LİLİLİLİLİLİLİL İLİ OOOO OOO ODO TT HUOT Ouer TİLLİ 
UI) 
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trait JETTBDICIED DICE DC Un Unun uni Rust IILI III 
DEDERE EET Lu nn nn unu Un nunu Rust 
OUT 
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LİLİLİLİL İLİLİL DD OO DO O ODO DO O DO O İL İTİLİLİLİLİLİLİL? 


LİLİLİLİLİLİLİLİLİLİL ODO Rusha Rusi T TİLLİ 


0000000000000RustConf 20180000000 Lİ 00000000000000 
[|Data-Oriented IILI IILI IILI don Do Rust TT 
0000000ECS500000000000000000000000Generational Index] 
LİLİLİLİTLİAnyMapil İ HUUU Register NDUDU 


[1] RustConf 20180 )0000000000https[1//zhuanlan.zhihu.com/p/44657202|| 


180 DUTOT 


LİLİLİLİİ İLİLİ İLİ İLİLİLİ İTİL TİTİLİ 


01000000000000000000000000 Pascal TİTLİLLELELNicklaus 
Wirth1]000000000000000000000000000000000000000000000 
0000000Pascal1101000000000000000000000000000000000000 
LİLİLİLİLİLİ 


LİLİLİLİİ İLİLİİ İLİ LİLİT İL İLİLİLİL III TC IC İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİLİL İİ İLİLİİ İTİL İLİLİLİİ İT İLİLİLİLİL İTİL UU İT İLİL LİLİT İL İLİLİLİLİL İT İLİLİLİLİT LİL İTİLİLİLİ 
LİLİLİLİLİLİLİLİL İTİL? 


LİLİLİLİİ İLİLİİ İİİ İLİLİLİL İL İLİLİL DD OOO OOO OD İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİLİL İİ İLİLİİ TİL İLİLİLİİ İT İİ İLİLİL İTİL İLİTİLİL İT İL İİİLİT İT İLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİ OOOO Lu nn NN Rust HUUU UU 
LİLİLİLİL İLİLİL İLİLİLİLİLİİ İLİ? 


8.1 UL 


LİLİLİLİLİL İTİ İLİ İİİ İLİ İLİ UO UO Tİ UU UU 
000000000000000000000000000000000010000000000000000 
HUOO A DIOU 
0100 0001 (00000000000100 0001 İTİTELHATLEILLILLA [| 
0100 0001 (0000000000000000000000 Character 
Encoding, | [| 


8.1.1 0000 


(ITA ITU 
ASCIITLILILIILILILILILILILILILILILILILLILILILILILİLLLL0111 270000000000000 
1270000001 11111 100001 000s00000000004sc HOOL 


LİLİLİLİLİTİLİLİLİLİLİLLİMASC Unu nunu nunun nunu 
1000GB2312000000ASSCIOOOOOOOOOOOOODO0006000 000000 


0006B231 2TİLLİİLİLİLİLİLİLİLİLİLİİİGBKİ TTTİLİTİG B 23 1 20000000000 
002000000001 803010000000 
LİLİLİLİL İF İLİLİL İLİ İİLİLİL İL İİİLİLİLİL İTİL İLİLİLİL İT İLİ İİLİL İT İLİ LİLİT İT İLİ LİLİT İLİ İTİLİLİLİ 
LİLİLİLİL İLİLİL İİİ LİLİT İİİ İLİ İLİ İLİLİLİLİTİLİ TİL. 


0000000000000000000000000000000000 UnicodeQUL 
Unicode [][110100000000000000000000000000000000000000 
0000000000 ode Pointi) (0000000U000000000000U Scala 
Valuel) 10000000000000000000000000000000000000000000 
00000000x0000[]0xD7FF [O OXEOOO[JOx10FFFFTJ][][]JUnicode |] 
010000000000000000000000000000000000000000000Unicode 
000000000040000000000000Unicodel]00010000000000000000 
000000000000Unicode[]000000000000000000000000000000 
(Code Unit] 1101000008-12000 


A jä © 


ALFI EAW emoji 





Code Point ` U+0x41 U+9053 U+1F600 


“ə UB OxE9 0x81 0x93 OxFO Ox9F 0x98 0x84 


Byte 


018-10000000000000 


LLILILILILI IILI ILILILILILILILI LIL IILI DUDU 
000Unicode[]010100000000000000000000001Unicodel]0000000 
HUUUUUUU TP-STJU TP-16[ JU EP-S 2000000001 0002000400000 
[UTF-16UTF-321001000000000020004000000000000000000 
UTF-õ000000O00OLOOOOOOOOOOOOOOOOOOODD 


UTF-sl]010000000000000000000000000000104000008-21 
OI 


Unicode FE) UTF-84ai5 ( 1-475 ) 


U+ 0000 ~ U+ 007F 0XXXXXXX 
U+ 0080 ~ U+ 07FF 110XXXXX 10XXXXXX 
U+ 0800 - U+ FFFF 1110XXXX 10XXXXXX 10XXXXXX 


U+10000 ~ U+1FFFF 11110XXX 10XXXXXX 10XXXXXX 10XXXXXX 





118-2HU TF-STİLLLLL 

UTTP-SLİLLİLLULULLU 

OOOO O AS Cc nó nono oo ga sc nan TİTULLULTELLULLLMASCIHIRLILI 
LLL 70000000 u 

: TUTE TO) o 00001002 +10 0000000000000 
001011 OI 

00 8-1 0(00000°0°00000000 U+9055 "00000000 
1001 0000 0101 00110000 UTF-8 0(0000000000N0000N 
1110 1001 10 000001 10 010011 [] 900000000000 
0xE90x810x95[] 

0000 Unicode 0000000000000000000Encodef] 00000000 
00000000000000000000000Decodef] | 

UTF-8100000000000000000000000000000Unicode[]0 000 
000000000000000000000000000000000000000000Unicodef]|[] 
1000000000000000000000000000000000000000000000000 00 
OOOOOODODO0DUTF-s40000000000000 

0000008-s000 


won | 9 o 5 3 


Code Point | 1001 0000 0101 0011 0000 0101 0011 


1001 000001 010011 


sal E 1110 XXXX 10 XXXXXX 10 XXXXXX 


| 1110 1001 10 000001 10010011 10 000001 10 010011 





| O9 oe om ` 0x81 0x93 


118-30UT1F-80000000000 


08-300001Unicodel]000HUTF-š0000000000000000000008- 
1000 
00008-100000000 


use std: ¿stes 


fn main() { 


let tao = str::from utf8(&[0xE9u8, 0x81u8, 0x93u8]).unwrap(); 
assert eq! ("iÉ", tao); 

assert eg!("iâ", String::from("\u{9053}")) ; 
let unicode x = Ux9053; 

let uti x Nex = Uxe9s193; 

let utf x bin = 0b111010011000000110010011; 
printini (unicode x: 1:5)", unicode x)! 
printlni("utf x hex: 110)", uti x hex); 
printini("utf x bin: Ox{:x}", uti x bin); 


000008-10000str0000Oirom utter abb p TF-SHELES 


[0xE9u8[]0x81u8[]0x93u8] KILIO Rust II 
u 8 TILILILILILILILILILILLILusİTİRusti TİLİLİTrom, utter ib bb pL 
LE e mb DU String rom! Tu (9053 OOOH 
UnicodellliLİLLİLİLİLLİLİLİLİ 


Hon Hao ooo boo 
00000000000000UTF-8000000000000000000printin III! 
1000000000000000000000008-s00000 


6.1.2111 


Rust[]| ]chart ]DHDUDDUEehar ndm nieed en bp bibl 
0008-2000 

00008-200000000000 
1 fn main() { 
2 let tao = '#'; 
3 let tao u32 = tao as uz; 
4 assert eg! (36947, tao 032); 
5 peintlal (TUH AF", tao 132); // 049053 
6. println!("()", tao.escape unicode()); // \u{9053} 
7 assert eg! (chars :Lrom(69), "'A'); 
8 assert eq! (std: :char::from u32(0x9053), Some('#')); 
9 assert eq! (std: :char::from u32 (36947), Some('i&"')); 
LO, assert eg; (std: tehan:sirem u52(129041010101), None) ; 
LI, 


} 


EN Çe Aİ) 
0000Rust000char(]000000000000u3200000000000 u32 00000 
000000000000000000000000 Unicodef]000000010000000000 
[|Nonel] 


00030000asCchar00000u52000000Itao[]00us2 00001 
36947[00000500printin(100000000000000U +905300000“0” O 
OO Unicode [][1H] HE] E] char [1E] E] E] [] escape unicode[]00000010 
UnicodefllULLl 

00000000Unicode[000Rust000000004000000008-3000 


00008-30000000000000000A 


1 fn main() ( 

2 let mut b = [0; 3]; 

22 let tao = “uğ”? 

4 let tao str = tao.encode utf8(&mut b); 
5 assert eg! ("iİ", tao str); 

6 assert eq! (35, tao.len utioi) 


7. 3 
000008-30000000000600000000000000encode utto[IU I 
00000000000000000000000000060000010200000tao(]000000 
00000000UTF-800050000000000000000000000600000050000 
0060000000len utter miii iliteor]U T F-enibd i i 


0000000000000Unicodel1000000000000000000000008-40 
HU 


10008-2000000000000 
1. fn main() { 
2. let e € "er, 
2. PINEDA" e as 0132): 
4. } 


01000008-4 00000000 


error: character literal may only contain one codepoint: "€" 
2 | let e = "ea", 
| AAA 
000000000e0000000000e000000000000000000000000000 
DOOO Rust 1.30 0 B papam UL pp DEO BICICLETA 
000000000chart)010000000000000000000000008-52000000 
10000004 


10008-5000000000000 


fn main() { 
assert eq! (true, 'Z'.Is digit(16)); 
assert ‘eq! (Some(ls), “r".to digit(103)7? 


assert! ('a’.ie lowercase () ) 7 


Oo © € O) UO! d W NR EP 


assert! (! aga. is  lowercase()); 
assert!(l'a'.is uppercase () ) ; 
abserui A” .18 UPPETrcaseo37 
assert! (!'¥'.is uppercase()); 
assert. eqi("i”, 'I*,.tóo lowercase ()) ; 

10. assert eql("B", "b".to uppercase()); 

Lia assert!(' ".18 whitespace ()) ; 

12. assert! ('\u{A0O}'.is vhitespace() ), 

135 assert! (!'AÀ', is ubi Esse il: 

14. assert! ('a’.is alphabetic (t) 

LƏ. assert!('K'.is alphabetic()); 

16. ABSBBFEL TIL! 18 AalpHhabetliet)); 

İk a assert!('7'.1s alphanumeric()); 

LS, assert! ('K'.is alphanumeric()); 

18. assert!('J'. is alphanumeric()): 

zü. ABSSBEE! (i"4',18 3lpBaHnumsrlst); 

21. assert! ("Li 18 control hi: 

22. assertltl'g'is control ())5 

23: assert!('Y'.is numeric 0): 

24. assert! (''7".16 MUNEL} i 

£D. assert!(!'g'.is numeric()); 

26. assert! (ër ia numeric()); 

2d. println!("()", "Nr".escape default()); 

A s J 


010008-200000000000 


“is digit[]1600100000000000000000000000010000000000 
RRE 


“to digit[ 6D bab dd Db DA d ECCO 1 oyuna nunun 
III 


: is lowercaseJ(NNNNUUUUNUNUNUNUNL Unicode (000010 
Lovvercasel İLiLiLiLİLİ 


: is uppercasellliHLİLİLİLULLLLLULEULLEUL Unicode 000000 
Uppercase[]00000 


: to lowercase/)]0000000000000000 0 Unicode 000000 
Lowercasel İLiLiLiLİLİ 


: to uppercase[]00000000000000000Unicode[]00000 
Uppercase[]00000 

“is whitespace[]1000000000000000000000000000 

is alphabetic[[10100000000000000000000 

“is alphanumeric[]00000000000000000 

is control TTT! 

“is numeric WITT 

: escape default MIO A nooo nd 0000 d 00000 


8.1.3 00000 


000000000000000000000000000Unicodel]1100000000000 
LİLİLİLİLİUİLİLİLİLİLİİLİİİ Rust 00000 UTF-8 ANN nu Rust | 
LİLİLİLİLİLİLİLİLİLİLİ? 


“strlİTliiTTiii TL] 

- String 00000000000 

: CStr (000CO000O0Rust000000000000C00000 

: CString KILO Rust OOOH CHACHA 
: OsStr [|[| IILI IILI Windowsh TT 

- OsString []|]]JOsStr[ I I IRustii II III! 

: Path (00000000std[]0path000Path[]00Osstr[] 

: Path But [|] jPath|j][]]]l]Path[][L]LIL]]] Path But] ] D DsString[] 


O00Rust00000000Ostrl]string]J02000000OstrUJ000000A 
0D57000000000000000000000000000stri]00 HSlice TT ls et 


SstrİİLILİLİLİLİLİLİU TF-ƏTİTİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİSstrTİlİLiLİL 
ULULULULLL 


00000 DUDU) static sr 
LİLİLİLİL İLİLİL İLİLİLİL İLİ İLİ? 


: 000 0004str1]0100000000Stringll00000000000000000000 
stringi] LI ILILILILILI Ost III III! 


000 00000strilllirom utt800000000000luš0NJ0000000 
&str Li D b e- 10D] 


U&strUUUUUUSs trig Të el DEED UE D S tei g ETE] 
01000000String TİLTİLİİLLİİLİLİLİİLİLİLİLİLİLİLİLİLİLİUİLİLİİLİLİLLİString 
000000000000 Vecl]uš00000000000000000000000000String 
00000000 000000000000 Has: ptr00000000000000000 Eben lt] 
LIİLİLİLLİLLİ DicapacityD Ii Hbrnine- err] 


00008-600 risStrim gr i] 


fn main() ( 
let mut a = Stringsi:trom("fooq"); 
prıntın: “ip” asas EE Ek 
Print 171351", 2313 
assert edo len, 244 
a.reserve (10); 


assert eq! (a.capacity(), 19); 


00 $ O) VI EE N xm 


7 
LİLİLİLLİ95-6TİİİLas: pstreibibbplbdbp im ab d db nu Sea U I! 

LİLİLİLİL İLİLİL İİİ LİLİT İİİ İLİİ TİL İLİLİLİLİTİLİ TİL. 
00050000len000000000000000000000000 


00060 0reservel]00000000000000000000100000007000 
capacity 110000000000001500000000000s 00000 


Rust LİLİLİİLİLİLİİLİS-strilStringTiLİLİLİLİLLİLLİLLİLİS- 7000 
00008-70000000000000 


L. EN Wanani) 1 

2 let string: String € String::new(); 

3 assert eqi("", string): 

ı let string: String = String::from("hello rust"); 
2. assert eg! ("Hello süst”, SLELNG)/ 

6 let string: String = String+:w1th capacityiZU); 
7 assert eq (UU, string)? 

8 let str: &'static str = "the tao of rust"; 

As let string: String = 

hü. ser.chars (] Filter| [e] le, ts vhibespaceo) .collect 7 
il: assert eq (“LDeCƏGOTTUEL”, String). 

LE 4 let string: String = str.to owned(); 

13. asses Sel ("CHS Tae OF FUSE", SELIN) } 

14. let string: String = str,to string); 

15% let str: &str = &string[11..15]; 

15; assert Sg, USt, BTE); 


be ] 


000008-7000002000String[|Jnew[]0000000000000000000 
QDODODO 

00040000String[]0from0000000000000000000000000 
String[]0000From trait[] 

000e000O0Stringi with capacity[]000000000000String[] 
new HOHO with capacity(100000usizel]000000000000000000 
0[00000000000000000020000000000020000000000000000000 
1000000000000000004000000000000000000000000000000 00 
1000000000000000000000000000 

HUUSUU0UUUUUUUUUUUU static str] 

00090000080000str]0chars()0000000000000000Ocollect[] 
0000String00000000000chars00000000000 Fromlterator 
trait] | 

000120001400000[0to owned[]to string[]004str00000 
String(]1000000000000000000to. owned (000 84str 0000000000 
String[i to string ONO String |Jirom[(]000 


0001 5TTTİLİLİLİLİLLİLİLİS tem g 0000000001 101 4000000000000 
8.1.4 III 


Rust DEDIBCDH BODIE CB UTE SHAA 
HOOD OT Rust Ha bytesieharsi HAO 
OOO Rust TTT 00000 L 


Lllcharsl İbytesliLLiLLİİLİLLİ6-öTİİLİ 
LLİ8-8ölTillcharsi [bytes DELL] 


iL. fh Main() 1 

2 ucu SUP = "58865", 

3 let mut Chars = stEr.ehars () 7 

4 assert eq! (Some(”b"), chars.next ()); 
94 assert eg; (come(”o”), chars.nexti))7 
6 assert eq! (Some ("r*), chars.nextí)); 
7 assert eq! (Some ("Oo"), ohars.next())7 
8. assert eq: (some ("Ss"), Chars.next ()) 7 
9. let mut bytes = str.bytes(); 

LB. assert eqito SUCE.l6ni)J; 

Lİ. assert 50! (Some (98); DVYLOSS.DSXLLÓO)j 
LA a assert eq: (Some (111), erte, next); 
LS. assert eq! (Some (114), bytes.next())7 
14. assert eg! (Some 195), bytes.next()); 
do s assert egi(5ome(l152), bytes, next () ); 
18, assert eg! (Some (1.13), bytes.nexti)); 
de d 


TIUTUG- OGTTUTTä Ulcharel ndo Chars Charel lex! 
0000000000000009000bytes000000Bytes0]000Bytesll0OOnext 
00000000000000000000000000000000000001000000len0000 
000000000000000000 

00000000000000000Rust0000000000getOget muti I II] 
0000000000000000 Rust 00000000000000000UTF-800000000 
8-9000 


00008-9getl get muti VII 


L fn main() í 

2 Let mut v = Sürings:from(”boros"): 

3 assert eq! (Soma ("DB"). v.get(0.a1)); 

| assert qı (Sone OU). V.GeL(S.. S) 2 
Gin assert ECH, (Some (HBOS), V.B.) 
6 asserti (v get. mut(41..).158 none()); 

7 assert! {lvis char boundary (4) ); 

8 assertli(iv.ger Mutl..8).18 Dome); 

Sh. ASSP! w user HGEt[..42).01$ RONE O) 7 


Li. jJ 


LİLİLİTİLİG-ƏTTİLİİSİringTİLİTİLİLİLİLLİİLİLİS tringi TTT: 
01600000get000000000000000000000000000Optonlj000006 
000000000004000040000050000000000000000005000000000 
HOU UTF-8 0000000 Rust] 00 None 00 0000000000000 
is char boundary [11110000000000000000000007000000400 
LİLİLİLİLİLİLİLİLİLİLİ? 


00000000000Osplit atlisplit at mutl]000100000000000000 
HUUU UU OLİ 


00008-10000split_at 0101: 


1. fn main() { 

2 let s = "Per Martin-LÖf", 

3 let (first, last) = s.split at(12); 

4 assert eq! ("Per Martin-L", first); 

Fa assert eq! ("öf", last); 

6 Ff "main. panicked: byte index 13 is not a char boundary 
7 // let (first, last) = s.split at(13), 

8 ) 


000008-100000split at0000000000000000005000001200 
O0000OO00O00000000000000000000000000070000000001 SOUL 
010050000000000000000000000000000 


LİLİLİLİL İLİLİLİL İİ İLİ İLİ İLİLİL İLİ İLİL İLİ İLİLİT İLİLİLİT İLİLİLİLİLİLİLİLİLİLİYİLİ 


8.1.5 0100000 


LILİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİT İS tringTiTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
HUO Saa 


ULULL 
DULUNUNURustUNUpushlipush str]0000000008-1 1000 
00008-11000push!]push stall] 


l4. £n maing) 1 

let mut hello = String::from("Hello, "), 
hello.push("R"), 

pelilo pusin Stri"ustti"); 
assert eq! ("Hello,. Bust)", hello); 


GI A w N 


Ge 4 


000009-110000push0 00 String 0000 hello 01000000 
push str[][]]]hello[][]&str( 400000000 pusha push sl UU! 
[IEEE ES tring[]irVecpru e abi pp bd Ede u sh Haaa 
[IEEE EE S DEDE LUE] Vec Lu 8 HEEL HO HO 000000 U TTF-SLELLLULL 
Vec[juõf extend from sliceQQU0Q000Upush strTiUULMSestrTiLIULL 
0000000000extend from  slice[]DrisStringDpptbmrm Vecrusr]l 
HO 


LILİTİLİLİLİLİİLİLİLİLİLİLİLİLİLİStringTilİLLİLİLİLLStringliliLExtendTili 
010000008-1 2000 


00008-12 00M Extend 0000000 


L fn main() { 

2 let mut message = String::from("hello"), 

3 message.extend([',', "r", ‘u'].iter()); 

4. message.extend ("st ".chars()); 

5 message.extend("w o r 1 d".split whitespace () ); 
6 assert eg. ("hello,rust world”, &message); 

7 } 


00000 8-12 UU Stong (00000000 Extend 0000000000 
extend110000000000000050000iter00001ter000000040000 


chars [11101000 Chars 0000000 > 0000 split whitespace DIL] 
SplitWhitespace[ 00D 


OOD 


00000000000000000000000000Ginsert[]insert str(]000000 
push/push str(]0000000008-13000 


00008-13Oinsertf insert set 


1 fn main() (< 
2 let mut s = String::with capacity (3); 
3% S.1nsert(U, "E CES 
2 S.1nsertileg “or; 
5 s.insert(2, "o"), 
Os S. Insert Seri, "Bak" Ls 
ds assert eqi(”barfoo”, Ss); 


8. | 


ULULLLsS-131111filfinsertl TİTİHLLULLULLLLULULULELLLLİinsert, str[] 
0000000000000000000000000 insert (insert str UU! 
00000000000000 is char. boundary (1011000000000000000000 
UU UU 

LİLİLİLİLİ 

String 0[000000000 Add[Zstr[] H AddAssignf&str] DO 
traitt]100100000°+°0°+=*0000000000000008-14000 

00008-14000 “+ "U “+ “=00000 


li fn main() ( 

2 let left = "the tao”.to string (); 

3 let müt right = "Rust".to string K 

4. assert eqi(left + " of " + &right, "the tao of Rust"); 
5 righe qe mp 

6 assert eq! (right, "Rust!"); 

4 } 


LİLİLİTİLİ8-İ41TİİLT” + L += IDDIE 
000000 &str DULCIOR D UC erigit T] eStrin gr DOLCE Stem gt DC 
[|Deref trait WITT str 


OOD 


UU Rust İ İLİ İLİLİLİ Odo nd 0000000000000 Rust 0000000 00000 
0100000000000000000000000000000000000000000000unsate 
000000008-151000 


010008-1210000000000000 


Lu use Stasi ase: i (ASCLLEXt k; 

2 fn main() { 

3 let s = String::from("fooabar") ; 

4. let müt result = S.ante bytes (). 

2 (0..5eB8uLL.len[))l.foP Sachi in) 

6 if 1 6 2 == O í 

7 resulti] = resşultlil:to aseii lowercase () ; 
8 jelse | 

9, BeSULE[L| = EESULE[L]. 16 asoıı üpberoase ()./ 
LD 4 ) 

lli yi 

12, assert. eqi ("fOooBaR”", String: strom utr8(result).unwrdap())4 


la. | 


OOOOO8-150000into bytesliLİHHLLLLLİVeclluslİLİLUELLRLİL 
LLL LIL IILI Stringlillirom utt8 [00 VecllusTİELİLİ Result 
HStringliFromUtf6ErrorliULl(iHunvrapliUULResultliHStringlik 
LİLİ 


HOO 5111 000 result HUDD 
to ascii lowercase[]0100000000000000to ascii uppercasellll 
0000000000000000 std ascii CAscii Ext + 000 result (00000 
LL LL LİLİ 

000000000000fOocBaR000000000000000040002000000 
AOOOOOto ascii uppercase[]to ascii lowercase[]OOOASCII 
010211000000000000000 00 


10008-15000Rust İİ1StringtiLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİLİLİLLİLİLL 
RustlTLLİİLLİLİLTU TF-ƏTİTLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİUİLİLİLİLİLİLİLİLUİLİLİLLİLİLİ 


LİLİLİLİL İF İLİLİL İİ İLİ İLİLİİ İT İLİLİLİLİL İT İL İTİTİLİL İT İLİLİLİLİT İL İLİLİLİLİL İL İLİ LİLİT İLİ İTİLİLİLİ 
LİLİTİLİLİLİİ6-161İLİLİ 


10008-16000000000000 


ls. TA “nanın. 4 

as let s = String::iromi(" fooobar"); 

© let s: String = s.chars().enumerate().map(l(i, c)| | 
4. if 1 5 2 == 0 { 

54 C.Lto loweroaset).to String () 
6. ) else ( 

Es CCO Uppercase |) Eo string.) 
8 ) 

du )).collect(); 

10. assert eql("fOoAbAr", s); 

Lie j 


000008-160000chars0000Chars00000000]enumerate[] 
map000000000000000000collect00000000String000000000 
0000 


ULULL 


Rust 0000 sidillistring 0000000000000000000000000000 
°-17 000 
00008-1 700000000 


fn main() { 


let mut s = Strznge:from("hallo");:; 
s.remove (3), 
| 


1 
2 
3 
4 
2 assert sg 
6 
7 
8 


assert edi (ihalo; 5)? 
some ("Oo"), S.BOP(2)7 
assert eq! (Some("1"), s.pop()); 
("0"), s.pop()); 
) ; 


(' 

( 

( 
assert eq! (some 

(' 

(3 

(' 


aBpert 881171"; € 
9. let mut s dalan :Trom ("hello")? 
Lü. s.kruncatel3) ; 
LEa assert eg! ("ha SCH $ 
1.2 < s.clear(); 
Aë, assert 604(8, "")/ 
14. let mut s = Sterinaso:from(”cu as alpha, B as beta”); 
Tos let beta offset = -s,find ETA unwrap. oris.leniu): 
16, Let b: ering. = Şe digi Dobi ÇE Set) CO LI ees e 
LT assert eq!(t, "a is alpha, "); 
LG: assert (eg! (s, "TE xs beta”), 
in budraını..). 
zı. assert eqi(s, ""); 
Am J 


10008-1700000000000000 


LİLİLTLİLİLİLİLİLİLİLİLİLİİİLİLİLİLİLİLİLİLİDLİELİLİL. remove 0100000 3 UL 
remove İİİTİTİİİİTİİLİLİLİİİİİ İ 00000 remove 1 İl İLİ İT İİİ İTİLİLİLİLİİ? 
LİLİLİLİLİLİLİT İLİLİLİLİT İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLƏTİLİZTİLLİLLİLİLİLİLLİ 


000 5117 0000 pop 00000000000000000000000000000080 
DDD ODO III III 


0001 0000 trun cate TTT 
LİLİLİLİLİİLİLİLİİEruncatel ITT CTT) III! 
00000s0000“he[ltruncatef]00100000000000000000000000000 
LİLİLİLİLİLİLİ İİ İLİLİ TLİ İLİ LL LL LL 


HOD 2İTTLLİclearl Titii ierun cater TTE [enun cate ITT 
000000000000000000000clearl]000 


000141200000 draia np m p p BODCODCOC ES UTE Ea dE LI III 
000 B 0000000 16 00000000000000000000000000000000000 
drain[|1000Drain(1100000000Drain(]000000000000000 


8.1.6 UHUU 


0Rust]00000000000000000000000000000DSLOOOOOOODU 
000000000Rust00000000000000000000000000000C00000000 
0 Rustl]00000Rust 1 0000000000000000000regex (101000000000 
0100000000Rust01000000000000000000000000000000000000 
0000 20 0(000020000000000000000000 

- 00000 0000000contains[]starts vvithllends with[] 

- 0000 0000000 fndf!rfind[] 

00000 1111111) split Hrsplit [ split terminator |] 
rsplit terminatorf |splitn| rsplitn[] 

0000 O000000[matchesf[]rmatches[]match indices |] 
rmatch indices[] 

0000 11111 trim matches [] trim left matches || 
trim right matchesll 

0000 000000 0replacel]replacen[] 

10000000000000000000000000000 

LİLLİ 

OOOO contains IL KUOA boo! (TTT 
01018-18000 

00008-18[[ contains T TTL 


th map) | 
let bananas = "bananas"; 
assert! (bananas.contains('a')); 
assert! (bananas.contains ("an") ); 
bananas..contains (chart: 218 lowercase) ) ; 


assert! (bananas.starts with('b')); 


( 
( 
( 
( 


assert! 


L 

2 

3 

o 

I. assert! 
6 

7 !bananas.ends with("nana") ); 
8 


} 


HBaaaamue-19nbpimisustpmcentainsD DOUD 

char[]&str (| fn pointer[][l][][[|contains [(000000000008-19 000 

std stri] LE ]contains[ III 
LLLLS8-191istdi [str ]| | ])contains[| U] 

1. pub fn contains<'a, P: Pattern<'a>>(4'a self, pat: P) -> bool | 

La Göre stritstrixtoscontalns (Seli; pat) 

3: J 


LILILILILI3- 1911TTLcontainsl İ HI pati ii Patterni T ja 
LI OOO Patterni ol İİLİLİLİLİLLLİSia strtiLiliLiLilitraitfiRustfilicharl) 
[][]String[]&str[]& &str[]&l| char |t ]L][]L]L]EFEn Mut[]charr[]-[]boolf][][] 
LI E IL trat TİTlcontainslİ I ILILILILIL II 0000000 

0000008-280000060007000000starts vvithllends with[] 
contains İİTİTTTİTİTİTİLN Pattern Ha HUUU 
[pattern] starts vvithllends with HUUU pattern ia III 
LİLİİLİTİTİTİTİİTİLİİ 

LİLLİ 

000000000000000000000000And(100000008-20000 

0008-2000 find 00000000 


L. EN mala.) 1 

Tm let s = "Löwe ER Leopard"; 

re assert eqi(s.find(”v"), Somets3)); 

4. assert eq! (s. —” , Some (6) ), 

Ga assert eql(s.find("/6"), Some (9) ), 

6. assert eg! (5. tund ("2"), Sometl4))j; 

Tə assert egi (Safina (“Leopard”), Some (13s) i; 

8. ARBET eo) (8. ELINA U’) Some (13) ). 

- assert eq! (s.find(char::is whitespace), Some (5) >? 
kü. assert eg! (s.findichar::ıs lowercase), Some(l)); 
lla J 


find UI OO pattern Did d- 20] 08 dr I III! 
UNUNUNUNUNUNUNU OptienrusizeD ppp DE TEE DLE LE 
NoneQQUU0U80000rfind IILI IL Tab VT 
00000000Somel]1 SUL 


III 
0000000000000000000000 split 0(000000000 8-21 DELI 
00008-2 10split(11000000 


L. Ta maist) 4 

Zə let s = "Löwe Æ Leopard"; 

di let v = s.split( |c] 

4. (c as u32) >= (0x4E00 as u32) 66 (c as u32) <= (0x9FA5 as u32) 
Sa ) collect: :<Vec<&str>>(); 

6; assert eg! (v, ["Löwe ", " Leopard"]); 

is let v = "abcldefXghi".split(lc| 

8. c == '1' || c == 'X' 

9. ) .collect: :“Veceistr?? tl ;; 

Lü. assert eq! (v, ["abe", "def", "ghi"]l); 

Ll; let v = "Mary had a little lambda" 

Le GİT; = 1 

13. .collect::<Vec<&str>>();; 

13. assert egl(v, ["Mary", "had", "a little lambda"]); 

19. let y = "A.B.,".splıt(",") .collect::“Veceoestr?? () ri 

16. ABsert Cal iv, 1"A", "5”, "PII: 

¡le ya let T = "A.B." split terminator ('.') .collacvi :<Veccéstr>> ki 
18. assert eg! iv, 1”A", "B"]); 

1954 let v = "A.,B..",.split(".").collect::«Veocc&str»»()?; 

20. Asabi SC Vë: 192”, ve, "Bis "U Í ll 

41. let Vo "A. Bu.” «SOLLE Lerminator([".").GollectiriVeoWsstroc() 41 
dy s assert eqi(v, ["A", "", "B", ""]); 

cds j 


0000-21 00002 000000s:str UU 


0003050000spilit00000000sOsplit000000pattern00000004 
LİLİLİLİL İİ İLİLİİ TİL İLİLİLİL İİ İİLİLİLİL İT IILI İT İLİ İLİLİL İT İLİLİLİLİL İLİLİLİLİLİT LİL İTİLİLİLİ 
(OD 6 0000 VecllSstrTiLİİİLİLİLİLİLİLİİLİLU +4EOOU+9FA5 
LİLİLİLİL İF İLİLİİ LİL İLİLİLİL İT İİ İLİLİL İT İL İTİTİLİL İT İL İLİLİLİT İL İLİLİLİLİL İT İLİ İLİLİT LİL İTİLİLİLİ 
00 Rust [IILI IU IU S ZİELİLLİLİLİLİLİLİLİasl IILI U L 3211 
IT 


000 7119 DDT) 100000000 


0001 10130 L Isplitn[II IILI LIL IsplitI EIE nl LI! 
LİLİLİL İİ İİ İLİLİ İL İİ İLİLT İL İL İLİLİ LL Lu İL pattern UT 


LLLLELLULTATINLILIILITILILILİTİLİLTƏLİLİLİLİLİLİLİLİLİƏLİİTİİ 
000150220000000splitO split terminator 0000000000 
terminator) İ IILILILILILILILLILILILILisplit: terminator (000000000000 
LİLTİLİTİTİTTLİİ 
0000000rsplit[rsplitn[]rsplit terminator[]0000000000000 
000000000000000Isplit000000000000split0000000000000000 
000000split0000000000000000000000000collect 00000000 
LİLLİ 
101000000000000000000000000000000000000000000000 0 
Rust 000pattern[|000matches(]0000000000000000008-22000 
00008-22[]matchesl 0000000 


1 fn main() í 

2 let v = "abcXXXabcYYYabc" 

3 .matches ("abc") .collect: :<Vec<&str>>(); 

2 assert eq! lv, 1"abe", "abe", "abc"1)? 

Së, let v = "labc2abc3" 

6 "rmatohes (char: ris numerie),collecgts;<Vec<&str>> () 3 
7 assert eg! iv, L"3”, "E". "LIX; 

8 let v = "abcXXXabcYYYabc" 

E. Mätch indices ("abe”).dollect::<Vecs 2207 

Lü. assert eqi (v, [(0, "abc"), (0, "abc"), (12, "abe")]); 
il; let v = "abcXXXabcYYYabc" 

LE maten Indices ("abc") .collecrtit<Vec< 252100) 

13. assert eqli, [(L2, Yaba“), (6, "abo", (b, "abe") 1); 


14. ) 


000008-2200000200050000matchesi]J000000000000000 
matches[]00000000000000000 collect 01000000000000000000 
HOU VecllSstriİLİLİLLİLİLİLİLİLİLİLİLİLİLİLİLİ 4 DOUT 


0005000600000rmatchesi]001000000000000000000000000 
LİLİLTLİTİLİLİTİİLİTİİİİ 

0003000900000match indicesf]0001000000000000000000 
1000000000000000000000000000000000000indicesf | fin d exi TE] 


0000000000000000000000000000000000° indices*10000000 
LİLİLİLİLİLİLİ İİ İİLİTLİLİLİ? 


0001 10001 20D OD Irmatch indices p III! 
OOmatchesfl0l00000000000000000000000000 
RRE 


LI std[|[]str 000000 trim (TU, 
23000 


00008-23 trim ITT 


1 fn main() { 

2 let s = " Hello\tworld\t"; 

Da assert eq! ("Hello\tworld", s.trim()); 

4 assert eq! ("Hello\tworld\t", s.trim left()); 
> assert eg!(" Hello\tworld", s.trim right()); 
6 ) 


100008-230000trim 40000000 nunu Unan 00000 
LAaDEIEIBEILID ZU CIEDEIEIDSSEIEI DEBIDO CIE EMU BIOL 0000000000 so00 
OOOtrim NDUDU 

0004000s0000trim lefilitrim right iji Dni n ii it] 
UD! tom leftlitrim rightliLİTİLİLLİLLLpatternil ITT 
LEIEEEIEDEIEIEI EIE LR ustE trim. matchesliliLlililipatternlİ jit] 
01000000000000008-24000 


0008-24 trim matches [1000000 


1 fn main() { 

2 assert eq! ("Hello\tworld\t".trim matches('\t'), "Helloworld") ; 
3 assert eg! ("liteclbarll”.trim matehes['1'), "Toslbar"): 

E assert agl("1235T0015082123" 

Di .trim matches(char::is numeric), "foolbar"); 

6 let x: k[char]| € ÇİL", *2']; 

] assert eg! ("I2foolbarl2".trim matehes (x), "foolbar"), 

8 

9 


assert BAI 


. "lfoolbarXX".trim matehes([|c| e == *1* || 4 == 'X'), 
10. "foolbar" 
Il. ) ; 
12. assert eqi("llIbsolbsrll",trim left matehes(*1*"], "LOOLİDAYIL"): 
13, assert eg! | 
14. "l23foolbarl23".trim left matehes (char::1s numeric), 
15; "foolbar123"), 
16. let x: &[char] = &['1', '2']; 
Ll. assert egl("12foolbarl2".trim left matches (x), "foolbarl2"); 
18. assert eq! | 
19: "Lreos",trum right mtehesilel e == '1" İl e == "Ai 
zü, "1100" 
21. \; 
22. | 


000008-240000trim matches[] tema III 
LiliLiLipatterni (LU pattern) TİİELİİİTİİLİTİTİL 

000201 10000 Utrim_matchesd 00000 pattern WWII 
[III] 

000120210000) trim left matches[]trim right matches[] 
10000000000000000000000 

LİLLİ 


[trim matchesi KIOO 
0000000000000000000000replacell0000000000000008-25000 


00008-25) replace 0000000 


1. İn main() { 

2 let s = "Hello\tworld\t"; 

3 assert eq! ("Hello world ", s.replace("\t", " ")), 

4. assert eq! ("Hello world", s.replace("\t", " ").trimÜ): 

Ba let 8 = "this 15 öld old 123"; 

6 assert eq! ("this is new new 123", s.replace("old", "nev")), 
7 assert eq! ("this 18 new old 123", B.replacen("old", "new", 1)); 
8 assert eğ! ("this 18 ald ald 123", s.replacen('o', "a", 3)]; 
Di assert eg! | 

Lü. "this is old old new23", 

Ele s,replacen(char::1s numeric, "new", 1) 

12. ış 

(E J 


DO0008-2500000S 00d 000000000000 00000000000 000000 
000000000000000Ltrim4000000000 40000 
replace[]]000pattern(]00000000000000000000000000000 
OOreplacenf]1100000000000000000000000070120000 
LİLİLİLİLİLİİ İTİ 
RustUJLIULILILILIUILILILILILILILILILILILILILILILILILILILILILILILILILILILILILIL III 
matches 00000000s-260 bf matches [II III! 
00008-26[|matches| II 
1. İn matches<'a, P: Pattern<'a>>(&'a self, pat: P) -> Matches<'a, P> 
ue. A 
Js Matches (MatchesInternal (pat.into searcher (self))) 
du. J 
HUUUU8-26 matches HHH Matchesi (Ha PH 
01000000000000000008-2 7000 
ULULUS-27L1Matchesil HUOO 


struct MatchesInternal<'a, P: Pattern<'a>>(P::Searcher) ; 
pub struct Matches<'a, P: Pattern<'a>>(MatchesInternal<'a, P>); 
impl<'a, P: Pattern<'a>> Iterator for Matches<'a, P> { 

type Item = &'a str; 

fn next (&mut self) -> Option<&'a str? | 

self.Ü.next() 

| 
) 
10202827 EL 0000000000207000000 L 
generate pattern iterators TI 


Matches [00000000000000 NewType 0000000 
Matchesinternall İLİHLLMULƏU7LELUMatchesliLLTteratorfl III 
LiLiLinextl TTTTTTEDMatchesinternall TTiinextl TİTTTTTTƏTİLİLİLİ 

00008-28000Matchesinternal[f | next[]next backTiLLULLu 


00008-28[]Matcheslntemmal[/ | next next backi HOHO 


OO sJ Gö KR $ & tə E 


1 impl«'a, P: Pattern<'a>> Matchesinternal<'a, P» í 
2 fn next (&mut self) => Option<&'a str? { 

3 selT.dsnext maten() map (| (a, Bb) | unsafe 4 
4 BELİ.ÜU.RAYSLEƏCEL 811068 unsnmeeked(a, B) 
Ja }) 

© } 

$ fn next baok(&mut self) => Optionsg”a str» 

8 where P::Searcher: ReverseSearcher<'a> 

9 { 

10. self .d.next matek back().mapi|(a, bil unsafe | 
UEa selr.U.haystack() .slıce unchecked (a, b) 
İzi )) 

L3, ) 

14. ) 


MatchesInternal (DOO NewType 00000000000N POL 
searcher[][]l] next [next back HOHO P00 Searcher[ 
next match[]next match back[|! I IMapi IILI Icollecti LL 


Matchesl]1000000000008-4000 


struct Matchesi Matchesinternal ) 


struct Matchesinternal( P::Searcher ) 


next — Matches 


, 


next “ — Matchesinternal 


, 


next match «——— P::Searcher 





08-41 Matches HOHO 
0100000000000LPattemm! Eja NA road III 
8-29] JPattern] iLlaLiUSearchStepliLiLiL 
00008-29[Pattern[ TlaHHSearchstepilli 
1. pub enum SearchStep { 
2 Match (usize, usize), 
or Reject (usize, usize), 
4 


Done 


2. | 

6 pub trait Pattern<'a>: Sized { 

ri" type Searcher: Searcher<'a>; 

8 fii into seareñer(self, haystack; e'a Sir) -> elf: Searcher; 
9 


fü Ls Contalhed 10 (self, haystack: WA str) > bool | 


10. self.into searcher (haystack) .next match().is some () 
Li, ) 

12, tn 18 pretix af (salt, Haystacki Se str) > bool 4 

13. match self.into searcher(haystack).next() { 

14, SearchStep::Match(0, ) => true, 

Lä, => false, 

16. ) 

L4. ) 

18. fn is suffix of (self, haystack: &'a str) -> bool 

19: Where self;ssearcher; Reverseöearcners"a> 

20. { 

M match self.into searcher(haystack) .next back() 1 

22. SearchStep::Match( , j) if haystack.len() == jJ => true, 
22; | => false, 

24. ) 

28. ) 

Zi ] 


00000s-290[0 Pattern] Ja] U gd iH BE EELEHL LB HB BE BEL EEG E LU 
Searcher İ İTTTELLLİnto searcher pp p b p DOO ETE 
[I E]Searcher[][]a[]trait[]into searcher[]|][»DRaystack[]LELILILILILILILI 
[| find a needle in a haystack” H000 BOBO DOBBBBOEBBEE] 
000 haystack (0000000000needle 0000000000“nana”000000 
"banana"[][]banana"[]|haystack[]"nana"[][]needle[][]L]L]LILILIL] 
00000000“haystack[]”[“needlef)”00000000 

SearchStep[]000000000Matchf Jusize| Jusize[]00000000000 
000000haystackl0..3]0Reject[]usize[ jusize[]00000000000Done 
UI) 


is contained in (00000 needle (00000 haystack UI 


is prefix ot[]is suitix ofl]10H”000000000OO0IKMPOOOOOOOOODD 
LİLİLİLİL İF İLİLİL İİ İLİLİLİİ İT İİ İLİLİL İT İL İL İİLİL İT İLİLİLİLİT İT İLİLİLİLİL İT İLİLİLİLİL İLL İTİLİLİLİ 
001400022000000000 


Y KMPODO OO 00 000000000000 Rust TED DEED DETELET 


KMFT İLLİLİLİLİİİ İLİ TTvvo-VVayl 000000000 LİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİ 
OOHOKMPOOOOOOOOOOOOODO [In OOOOOOOOOOOOOOODU 


OO — O) VI BEN HL 


Ko 


Fo EK KR kä RF RF Kö P= ja 
LO © 300 5 (o NƏ = © 


NO To DO 
ho m o 


[LEE -3 0 ] Lr] SearchertTTEa WII 
HLLLUS-3011Searcheri Hal TİL 


pub unsafe trait Searcher<'a> { 

fn haystack(&self) -> &'a str; 

fn next (&mut self) -> SearchStep, 

fn next match (smut self) -> Option<(usize, usize) 1 

loop | 
match self.next() | 

SearchStep::Match(a, b) => return Some((a, b)), 
SearchStep::Done => return None, 


| => continue, 


) 
) 
fh HERE YOTLUU(SMÜL seli) => Options (409128, USLZ6)72 4 
loop { 
match self.next() { 
SearchStep::Reject(a, b) => return Some((a, b)), 
searchStep::Done => return None, 


_ => continue, 


| 


0] 


00008-35000 Searcherl]]a10000000000000000000000200 


haystack[]00000haystack[ |] 


U9U3HHBnextUUHH9UHSearchstepLliUneedle HU “aaaa” |] 
haystack[][] cbaaaaab"[](]]ljnnextt]LLULIL]" E Reject[]0[] 1 []]]nReject 


UH112u(Matchl12uU51UURelectl5191İ”u 
HUU4H21111111 U) next match [] next reject [] [][] L] L] 


searchStep[]000000000000000000000000Optionl|Jusize][] 
usize_ ILL 


00008-3100008 a str] 000Pattern]0a00000 
00008-31008 ja str Pattern)| | al 


L, impl<'a, “Be Patterne«'a^» for bb str | 

2 type Searcher = StrSearcher<'a, 'b>; 

3 fn into searcher (self, haystack: &'a str) => StrSearcher<'a, "bə 
4 | 

Sl StrSearcher::nev(haystack, self) 

6 | 

1 fu 15 prefix of (self; haystack: &'a str) => bool 4 

8 haystack.is char boundary(self.len()) && 

Ë, self == &haystack[..self.len()] 

LQ, } 

LI, fn 18 puffiz or(eelt, haystack: Se str) > bool 4 

le; self.len() <= haystack.len() && 

13. haystack.is char boundary(haystack.len() - self.len()) 8£ 
14. self == &haystack[haystack.len() - self.len()..] 

13 4 ) 

10. Jj 

17. pub struct StrSearcher<'a, "b? { 

Lg, haystack: &'a str, 

19, needle: &'b str, 


20. searcher: StrSearcherlmpl, 


21. 1 


22. enum StrSearcherlmpl { 


Ba Empty (EmptyNeedle), 

24. TwoWay (TwoWaySearcher), 

428. | 

20. unsafe impl<'a, "bo Searcher<'a> for StrSearcher<'a, "b? { 
Eis fn haystack(&self) -> &'a str { 

ZB. self.haystack 

29. ) 

30 y fn next (&mut self) -> SearchStep { 

öl, match self.searcher { 

20: StrSearcherImpl::Empty(ref mut searcher) => {...} 
33. StrSearcherImpl::TwoWay (ref mut searcher) => {...} 
34. ) 

39; } 

36; fn next madtch(smut self) -> Optionx(usize, usize)> | 

31. match self.searcher { 

CP StrSearcherImpl::Empty(..) => {...} 

39. StrSearcherImpl::TwoWay(ref mut searcher) => {...} 
40. ) 

41. ) 

42. ) 


00000008-310000000000into searcherf]0100008]a str] 
00000000 StrSearcherf][]a00b00000000000000000000 
haystack [] needle [][][] [] haystack |] needle 111131 searcher [][] [| 
StrSearcherlmpl III 

StrSearcherImpl JQ 00000000 Empty [] EmptyNeedle J0 
TwoWay[]TwoWaySearcherf)100000000000000000000000000 
00000000 EmptyNeedle [][] D1 E] E] E] E] E] E] E] E] E] E] E] ET E] D] E] 
TwoWaysSearcher[][]]]]] D woWaySearch[]BIBBB pp III I! 

0000000000000000 000Pattern[ Tla (| TiSearcheril illa | [] 
SearchsStepi | rp 00000000000000 DUTOT Rusti I] 
OUOU 


8.1.7 100000000 


DEIEIDBICIEY ICT İLİLİLİLİLİLİLİİLİLİLİLLİİRusüi İLİLİLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİ 
LİLİLİLİLİLİ 


LİLİİTLİTİTİLİTLİİLİ 


000Ostd0O0str000000parse000000000000000000000008- 
32000 


0008-32 parse 00000 


Lei LA MAIn. 4 

2 let four: u32 = "4".parse() .unvrap((), 
s assert eq! (4, four); 

4. let four = "4".parse::<u32>(); 

Ss assert eq!(Ok(4), four); 

6 


. 1) 
HUUUU8-32 0 0 D D perser iplb HE 3 ZB ED parse LL 
00000000turobftish[[000000000000040000 
0Oparse[]000000FromStr[]Ofrom str”00000000FromStr[] 
OOtrait00000Rust00000000008-s50000trait 000 
00008-3310FromStr [|| 


Puh Crave FTOmƏLtE 4 


al 

2 type Err; 

S E brom stris? estr) => Result<sSelt, Selr::Brr-; 
4 


) 


000008-530000000Fromstr(]00000fron str(]000000traitf] 
0000000from. str00000000000000000Resultf[0000000000000 
Q Err[]Rust 010000000000000000 IP 0000000000Fromstr(]000 
00000000000000000008-34000 


10008-340000000000FromStr 


use std::str::Fromstr; 


use stdsınums «ParselntError; 


t [derive (Debug, Par 


strict Point { 


ES LA, 


tialEq)l 


impl FromStr for Point { 


- | 


. İn main() { 


0] 


type Err = ParselntError, 
in from str(s: &str) => Besult«Delf, Selfs:Err> | 


let coords = 


let x fromstr 

let y Iremstr 

Ok (Point { x: 
| 


pu Erin matehesilpl p == *1* I p == *p* | 
SBBLXDIUSTJ 

.collect::<Vec<&str>>(); 

= coords [0 ] .parse::<132>() ?; 

= coordaslll.parse:s:€13275() 2; 


x fromstr, y: y fromstr |) 


let p = Polnt::from str("i1,21727 
assert eql(p.unvrap(), Point( x: 1, y: 2) ); 


let p = Point::from str |"{3,u}"); 
// Err(ParselntError { kind: InvalidDigit )) 


Pract) I" isi, 


p): 


0100008-3400000000000000000Point]0O0000000ÖOO0OOOOUU 
11016000trim matchesi]11010000000000000spiit0000000000 
TD Vecl]4«stri100000000000000000000000Point000000 
LEID CIE ER esu TDI] 


TUTE 22 O000000000Err 
LHParselntError1kindfilinvalidDigit)TEULLULL 


III 


HB rrmtermatr[termat[ print] 
vvritetli İLİLİLİLİLİLİLİLİLİLİ İLİTİLİİLİİS tringi HUOO -5 5000 


00008-35000format 0000000000 


1. İn main) 1 

Zə let s: String = format! ("{}Rust", "Hello"), 

ja assert eg! (s, "HelloRust"); 

4. assert eq! rormatı (4751, "HELLOBUSL”), "HƏLLORUSL”)? 

də assert eg! (formati (13. 3}; "HeLloRUsL”),. “Hel ™); 

6. assert eq! (format! ("(:10)", “HelloRust"), "HelloRust "); 

T; assert eg! (format! ("ir<12}", "HelloRust"), "BelloRust "is 

8. assert eqli (format! (”475121, “HelloRust™); " HelloRust"): 

9. assert eq! (formatı (4 5812", "HALLORUSE"), " Helleger "j; 
AR, assert eq! (format! ("1:”12.9)", "HelloRust"), " Hello AF: 
14 s assert eg! (format! ("4:5”12.01", "HelloRust”), "===Hello===="); 
12. assert Sg: (TONET! ("429772 app "ESLLORUST") y “epg geen); 
La. assert eq! (format! ("{:5}", "th\ufe9}"), "the "); 

14. ) 


LLI116-35111LformatlIlİLİLİLİLİLİLİLİLİLİİİLİ6-51 IL 


ves Hlell llolRu sit 


9 


em Hlelililo Ru st) | | 


11 


ma inlelililəl | | | | | 


(:>11.5} 
11 


ena | | | Imlelılılol | | 


11 





18-5Hformatl1LLLUL 

LİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 

0000000 DUT number (Tino bert HOHO -3 5L TE 
4(j\UUUUUnumber[QUUUUUUU0UUUUUUUUUUnumber iD IILI [I 
LİLİLİLİİLİLİİİLİ İLİ İİİ IL LI DII III] 

010000 ODOOO{O.number} LL EIumberT OUT "number 
HUOO NAL 0000 00000008-Ss 000000 

010000 0000:00+010°+0100:0000000000000000000000 
18-5507 011000 00000000000000OOU 

000008-32110000110001200000000000°=°0* GO 
00format(]1000000000000000000 13 00000000000000000 
Unicode[[110110000000000 

01000000000000Rust00000000000000000000000008-5601 
000000format(000000 

00008-360000000format 00000000 


1. fn main() { 

2 assert eq! (format! ("(2+]", 1234), "+1234")7 

3 assert eq! (format! ("{:+x}", 1234), "+4d2"); 

ji assert eq! (format! ("{:+#x}", 1234), "+0x4d2"); 

de assert eg: (format! ("{sb}", 1234), "1001710 10010"); 

6 assert eq! (format! ("(:$b)", 1234), "0610011010010"); 

7 assert eq! (format! ("{:#20b}", 1234), " 0b10011010010") ; 
8 assert eq! (format! ("4 :<F205)", 1234), "0b10011010010 mü 
9. assert eq! (formatı ("17”72057", 1234), H 0510011010010 "s 
10. assert eq! (format! ("{sorgloxn}", 1234), * +0x4d2") ; 

LI a assert eg! (format! ("{:>+#015x}", 1234), "+0x0000000004d2") ; 
12. } 


000008-36 40000 0000000000000 00000000 000000000000 
UU 


“Vu DUTOT 
“Hun 00000000000000000000x0000000bf] 


000 0000000000000000O0 
000000008-600000000format000000 


9 
əltiəlal4117 | 
Lİ | İsl12934 

9 


€ İİ I»[alal2 
9 

em | | | | fojxjajajz 
9 


ew) (elo xlolololaldiz 
9 





[]8- ern rmfermat n i 
1000000000000000000000000008-5 7000 
00008-3700000000format 00000000 


L. fü marna 

2 assert eq! (format! ("{7.4)", 1234.56/8), "1234.5078"); 

Ü assert eg! (rormati ("42:21",/ 1234.9018), "l1234.20"); 

4 aBBEIL SA! USA (142,2 1234.9578)4 "I2324.51"); 

le assert adı (era! (MELO, 4, 1234. 5010), "1234.0078 Ti? 

6 assert ea! (format! ("4x712.42)”, 41234,.9618), " 1234,96 "Üş 

7 assert eq! (format! ("(20*12,2)", 1234,56/8), "001234.57000")7 
8. assert eg! (format! ("4:61”, 1434.3070); "1.2343071883")}5 

E. 1 


LİLİTİTİLTTİİLİTİİİİ 

` 0000000000000°. “NURUN ununun ununun 
100000000000008-570050004e0000 

00000000 Cer 000000000000000000000 

[18-7000000000format000000 


A|2 3|4|.|s|e|7|8 
9 
ıl2/slal.|sie 
D 
lələ lal. isilsiz alolo 


11 
mizlalal (elei | | - 
10 
wog 1|2/3|4|.|5|6j0|0|0|0 
R 10 
woa 111. 12la 4lsisirİslela 
10 —— 





U8-7Q000000termat OT UI 


000000000000printin]Jwrite00000000000000000000000 
0000000000000000000000000000Display traitl]000008-38000 


00008-380000000 format] 0000000 


use std::fmt::(self, Formatter, Display); 
Sere CIty 4 


1 
2 
23 name: &'static str, 
4 Lars 732, 
5 lon: £32, 
0. ) 
T. ‘mpl Display Por City | 
8 fn fmt(&self, f: &mut Formatter) -> fmt::Result { 


9. let lat e = if self. lat >= 0.0 4 'N' ) else ( 'S' J]; 

10. ler 188 6 = LE BEI >= 0.0 4 "EF 7 Slee f "W' + 

LI, vasita E, Ub. fred) [3 Dee] 115, 

12, self,name, self. lat.abs(), lat c, self,lom,abs 0, lon e 
134 ) 

14. ) 


15, fn mall) í 
19, let city = City ( name: "Beijing", lat: 39.90469, lon: -116.40717 ), 


12: assert eql(formati("()", city), "Beijing: 39.905°N 116.407°W") ; 
18. PELRLİRİ "71", LEVIS 
LE | 


000008-38000000City000Display trait Tilililililiformatl UI 
LİLİLİLİLİLİcitylİLİ İLİLİLİLİİLİLİLİLİLİ1 70000 


8.1.8 [| 


LİLİLİLİLİLİLİLİLİLİLİİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL6-ƏTİLLİLİLL 
LİLİLİLİLİLİLİLİL İLİLİİ İTİ İİLTLİLİLİLİLİ 


1464741 
+4+7+8+4 





118-80000000000000000 


A LL LL 


00008-39000 


LO © SI A NM A W N x 


00008-3900000000000000 


fn main ()(Í 


let s = r"1234 


5678 
9876 
43521"; 
let (mut x, mut y) = (0, 0); 
for (idx, val) in s.lines() .enumerate() { 
let val = val.trim(), 
let left = val.get (idx..idx+1) 
.unwrap() .parse: :<u32>() .unwrap () ; 
let right = val.get((3 - idx)..(3 - 1dx+1)) 
.unwrap() .parse::<u32>() .unwrap(); 
x += left; 
y += right; 


) 
assert eq! (38, x+y); 


100008-590000020s00000000000000r...000000000000 
LİLİLİL İL İLİLİL İLİ İLİ İLİ İLİLİİ İLİ İLİLİLİLİLİLİL? 


NS A A A 
UU 


000701 SHOO ora OOOH 
0000000 lines 0000000000000000000000enumeratel]0000000 
UU 


01008000for0000trim(100000000000000000000 


00090001 OUT Toe TTT 
IDDIE To reert ICT 
u32000 


000110001 200009et nunun nunu yun nu nunu 
HUUU UU UU Ua SU 


[11300014000000000000000000000015000000000000000 
00000000000 0580 


LİLİLİLİİ İLİLİ İLİLİLİLİİLİYİLİ 


6.2 0001 


RustİTİTTİTİİTTİLLLİİTİİİ. 

: VecH TO (00000000 

: VecDequel1Tİ1 00000000000000FLFOLDDOOOOODU 

- LinkedListi TI 00000000 

: BinaryHeapi(TIT] (0000000000000000000 

: HashMapjIK| VO COOK vaa 

: BIreeMapi||K/ VI] 000B00000000000kKey000 

: HashSet |T[] 00000000 

: BTreeSet[ TİİTİTİBİTİTTİTTTTTİ 
00000000000Vec[TOO0HashMapl]KOV00000000000000000 


8.2.1 100000 


Rust UU Tara TTT TTT (ON 1000 
(ITU Vector İHİLİİLİLİLİLİİLİİLLİİLİİİVeciTTİ IILI III I UI II! 
(OTT LlarrayllVectorliii[ i i array ]00000000000 IVectori| 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİTİLİLİTLİ Vector! 

LİLİLİLİTİLİLİİL. 

LiliVectorLilllTStringİİİTTİTİTİLİLİLİLİLİLİLİLİ S trim g DEED DIDIT 
Vec[ju er] bib de-400  Vectorr Tj lb Ic 


00008-40[]Vectorf HOI 


1 fn main() { 

2 let mut vec = Vec::new() ; 

3 vec.push(1); 

4 vec.push(2); 

sə assert edi (vec.lén(), 2); 

6 assert evi (veclül, 1); 

7 assert eg! (vec.pop(), Some (Zz) ); 

8 assert €q!ivec.lent)ls 1): 

9 veclÜl = 7; 

10, assert eqi(vec[0], 7); 

Il, assert eg! (vec.get (0), 5ome(&7)J; 

12. assert adı (vec.get (10), None); 

13. // vec[10] 

14. vec.extend([1, 2, 3].iter().cloned()); 
18: assert eg! (vee, LT, lr žr 31)5 

18; assert eg! (ved. get EI, Ste SOE (Ely Lead Aià 
e o let mut vec2 = vec![4, 5, 6]; 

LB s vec.append (&mut vec2); 

19, assert eg! (vee, Lis lr €, öy 4, Sy 61); 
24) assert eq:(veoc2, 11) 

Zi. vec.svap(1, 3); 

A s assert! (vec == [7, 3, 2, 1, 4, 5, 61), 
20. let slice = İl, £, Ə, Le Se Ge TI? 

24. vec.copy from slice (681108) + 

Z5 assert Eg! (Več, slide); 

28» let slice = [4, 3, 2, 1]; 

21. vec.clone from slice (&slice); 

28. assert g: (vec, slice); 

22. | 


HUUUU8-4 0000002000 Vvec fnew HUDU VectorH DI 
string new TUTE Usus OT 
LİLİTLİLTİLİLİTLİİLİTLİTİLİTİ. 


0100300040000push(00000000000000000000000iS 20 
00050000len000vecl00020000000000000 


LİLİT 6LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 


LİLİLT7LİLLİLTpoplİLİLİTvecl İLİ TİLLİ Vector! i IILI III III 
FILO [ID BID BH UT T pep DIE DLE] O pten TET TB EO ECL EL ELLE DL CIT 
Nonel]0000000000000en DIDELTIve cni bibi EDEIDIES DIETE H 


LİLİLİ9TİLİLİLİLİLİLİLİİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİİLİLOLİLİLLİLT 7 LİLLİ OUL 
UU 


0001111 5900000 get LİLİLİLİLİve c DEED g et EID EIE EIN on ec T] 
LİLİLİLİL İLİLİLİLİLİLİL İLİ İLİ? 


0100140000extend]]0vec1]10100000000000000000000001 50 
UUUVector CE CET CET CET CIT TC OOOO 


0001600000get000000000000000000000 

000170200000append[]000000Vector(]0000000000000000 
00000018000000000Vectorl]010000000000019000200000 

0100210000swapl]0000000000000000000000000220000 

00025000240000copy from slice[]00100000000000vec000 
000000000000 25 000000000000000000000000000000000000 
00000000000Copyll00000 

00026000270000clone from slice[]0000O0copy from slice 
000000000000Oclone from slice[]010000Clonel00000 

000000000000with capacity(110000000000Vector(]000000 
[18-41000 

00008-41[ ¡Vector I III] 


fn main() 1 
let mut vec = Vec::with capacity (10); 
for 1 in Ü..lÜ «vee. push (2) t] 


vec. truncate (0); 


tos A. zm D. O $ veecpushii):] 


A 
2 
3 
4 
sə assert eg! (10, vec.capacity () ) ; 
© 
7 vecselesdriüuj 

8 


assert eq! CLD: vec.capacity () ); 


= ves. Shrink Be: EISD 

LU. assert eqi(0, vec.capacıtyi))? 

Ls LOE 1 11 Bee ER d 

12. vec.push(1); 

LB. // output: 4/4/4/4/8/8/8/8/16/16/ 
hü. printi (“€ E y. ver rapaecity NM) 


LƏ: } 
ib. J 


004000 8-41 00000 Vec with capacity] 000 String [][] 
with capacity[1100000000000000000000 10 00000000000000 
LİLİLİLİLİT OOOO OOOO LL LL 

HEILIS DOLI E for vec pem 39000000004 000000000000 
0000000010004000040000 

00040000truncate[]000000000000000000clear(]00000000 
0000000000000000000005000vec00000100 

0006080000clear(0]000000000000000000000000 04 

000900000shrink to tt0000000000000000000000000vec 
LİLİLİLİ İLİ İİİ İL İTİLİT OO vec İT İT II LULU LL LL LL 
LİTİTTTİTTTİTİTT TİTTİLİTTİ 

00011012000000000000vec000000000000090000001400 
00000000000000000040000000000000080000S000000000000 
001600000000000000 

000000000000VecOwith capacity 0000 Vector(100000000 
000000000000000000002-41000000000000001520400000Rust 


LİLİLİLİLTLİLİLİLİLİLİLİLİLİLİLİLİLİİLİZ.5 TİTİLLİLİLİLİLİLLİLİLLİLİLLLİVecliLİnevvLili 
LİLİLİLİLİTLİLİLİLİLİLİLİLİLİLİLİ EIE CIO CID UII EICIICIS -42 ELI Ve eto rt TETHEIDI EIL 
III 


LİT1118-4:.21TVectorlİİİİTİTİLİTİİ 


SEEUGE FOO? 


fn main() í 


an 
2 
3 let mut vec = Vec::new(); 
4 vec.push (Foo); 

5 assert eq! (vec.capacity(), std::usize::MAX); 
6 


) 


000008-42000000000000Foo[]0000000000000000000000S 
uLuLüivectliLinevlilililililTVectorliLililiVectorliTTTLEİLRLELELNLELMLU 
string 1100000000000000000000000000000as. ptr0]000000000 
00000000len00000000000 capacity 10100000000000000000000 
0000000000000000000Rust III 

00040000push(0000Foo[]0000000000000000000Fool]0000 
00000000000000 

0002000000vec000000Ostd[ | usize[ |] MAX[]000 ETusize Mi 
0000000000Rust000000000000000000000000000000000000 

000000000000 Vector HOHO 

HOHO 

000000000000000000000containsfstarts with[Jends with 
000000008-451000 

00008-43[]contains|[ [00000 


1. fn main() { 


2 let v = f10, 40, 30]; 

3 assert! (v.contains(830) ), 

4 assert! ('v.contains (&50) ), 

D assertl(vstarrts WLL Us .. 

6 Sasser! (V.ƏLSGELƏ wit ¢e [1 421737 
7 assert! (v.ends with (4 [3 01)); 

8 assert! (v.ends with(&[40, 30])); 
d assert!(v.ends with (& ët 

10. let v: &[u8] = &[]; 

bd. i assert! (v.starts with (&[])); 

18; assert! (o ends with(é[])); 

ls d 


000008-430000containsf]starts vvithllends with[]ELILIDILILIL] 
UUULLLLİtraitlTiLiPartialEql fTTiLlitraitTİHLLLLLLLUUULLULLLUULLLU 
000000containsi DOD0000U starts with[lends vvithHHUULULUULU 
LL) 

00000000000000000binary. searchi|[i IILI III II IILI LI 
00000000008-440001 


00008-44[binary. search 000000000 


1 tä main) | 

2 ket s = 10, dí lí le L, 2, 3, 5, 8, l5, 21, öd, S59]; 
3 assert eql(s.binary search(813), Ok(9)), 

4. assert eg!(s.binary Beareh(84)r  BIr(7)); 

2 let £ = S.binary search (&1) ; 

6 assert! (match r { Ok(1...4) => true, => false, }); 
7 let seek = 13; 

B. assert eq! | 

9. s.binary search by(lprobel probe.cmp(&seek)), 

Lə, Ok (9) 

11; ); 

12. let 8 L(U, His (2; 1), (de 1), (52, 1), (3, 2; 

18. (1, 2), Up 3), (4, 3), (2, Ir (3, 15), 

14. (1, 21), (2, 34), (4, 55)]; 

LOs assert eg! ( 

154 s.binary search by key(&13, |&(a,b)| b), 

ded s Ok (9) 

Lë, ) ; 

19, J 


binary search [110100000000000000000000000000000000 
HOOD. Ologn 00000000000000000 0100 

000008-44000002060000binary. searchf]00000000000000 
(00000000 Ord Ord treitri ll lidBHEP DIL ILL BL LII LLL BL BL BL ET 
binary search [10104153 0000000 Result 00000 Ok190000000 
000 20000000000000000Err000000Result00000000match0 00 
00060000 

000 7011 0000 binary search by 000000000000 FnMut 
[j&[Ja TO-[OrderingU 00 Ordering[]00000000000000000000 
(Less010000Egualf]0000Greater(]000090000000]cmp[l] 00 ord 
trait(]0000000000000000000Ord0O0O0Obinary search by[]0000 
0000000Result000 

0[001201500binary search by key[][]]binary search byli 
00000000000000000000000binary search by key 000000 


FnMut[]&[]a T0-1BQ000080000000006eB00000 
binary search byl]11000000000000000000000000000000000 
000 12 DBOBIEIDOUILTIDIDDO DIEI ununun I1GL IILI JLI II II! 
IILI IILI R esu GC TI 


000000000binary. search OOOH 
LIL Rust ITT sort IILI LIsort unstablel HOI 
sort İLTİLİİİLTİLİİİİ6-4:5TİLİLİ 


0008-45 sort T III II! 


d fn main() ( 

2 let mut y = [=3152y Be de “0, £17 
3 V;,BSOrt ts 

4. assert! (v == [-5, -3, 1, 2, 41), 
B v.Sort by(la, b] a.cmp(b)); 

6 assert! (v == [-5, -3, dy 2, 4]); 
7 v.sort by(la, bl b.cmp(a)); 

x assert!üy == [des 27 le 53; 81) 
9. v.sort by key(lkl k.abs()); 

LB. asserti(qw == [Lp Ls “3, 4, li: 


lla J 


000008-4500000sort]sort byt]sort by key ITT 
ULUULLUULLAĞd da ptive/Iterative Merge SortlILLLLUUL(UPythonllUiLl 
[Timsort[]01101000000000000000000000000000000000000000 
HO [1n (0000000 [12 logn HU 

0000 8-45 OO sort III sort unstable |] 
sort unstable by []sort unstable by keyl1HULHsort unstable 
000000000000000000000000Pattern-Defeating Quicksort|][| 
(1000000000000000000000000000000000000000000000000 00 
O [1n 00000000 Ua loga (0000000000000000 0 sort unstable 
LİLİLİLİLİTİTİİ  Tisorti OTTO 

000sort000000sort unstable[]0000000000binary search[] 
000000000000000000000xxxx by(]0000000Ordering[]0000000 
Exxxx by key[1000000000000000000000000000000 
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LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İT İLİLİL İL İLİLİ İİİ İLİT OO OOO İLİ LİLİT İLİTİLİLİLİLİLİLİLİLİL. 
000000000 Rust 000000000000 Goal jii ised C] em arm OOOH 
LiLltraitl İT İLTİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİİLİİ 
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00000000000000a 0b Tic 000000000000000 

00000la =b [|b sa [Ja =b [] 
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[|] Rust DOUD trait QODO00D0000d00000000 trait 000 
PartialEqHEqlIPartialOrdi Ord |[ ]trait[ III 


: PartialEql C OOBOUOUUUCeg me III == Wd l 
UU 


: Eq 00000000 trait 000 PartialE qti ib n n d o OO C TC 
LİLİLİLİLİLİE guu uu 


 Partialord[]0000000000partial ecmplilil Uel lot! Joel III 
: OO Tempo a sl mini VTT 

00000000 Ordering[]0010000000000000000000000000 
00008-46100 I IPartialEq[ Eq I] 
00008-46[PartialEg[|Eg[U 


#[lang = "eq"] 
pub trait PartialEq<Rhs = Self> 
where Rhs: ?Sized, 
{ 
fn eq(&self, other: &Rhs) -> bool; 
fn ne(&self, other: &Rhs) -> bool í ... ) 
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) 
8. pub trait Eq: PartialEg<Self> { ) 


PartialEg[]000eg[lne(]000000ne(000000000000PartialEgf 
Ka e İİİ MİMİ 

00008-47000PartialOrd[]000 

00008-47[]PartialOrd[ || 


1. pub trait PartialOrd<Rhs = Self>: PartialEg<Rhs> 
2. where Rhs: ?Sized, 
>> J 
4. fn partial cmp(&self, other: &Rhs) -> Option<Ordering>; 
av fn lt(&self, other: &Rhs) -> bool { ... | 
6 fn le(&self, other: &Rhs) -> bool í ... ) 
Ya In gt(sself, other: ERNST) -> bool 1...) 
8. fn ge(&self, other: &Rhs) -> bool { ... } 
2u } 
10. pub enum Ordering { 
(ab Less, 
12% Equal, 
13; Greater, 
14. ) 


00008-47000000stdOOcmp(00O0PartialOrdf ][trait000000 
0000partial cmp1]0000000000000000Option[ [Ordering[]00000 
000000000000000000000000000000000000None(0000000 Iti! 
leligilige 0000000000000000000000000000000000000000 
PartialOrd[]00000partial cmp| III 

00008-48000Ord000 


00008-48[Ord! T | 


1 pub trait Ord: Eq + PartialOrd<Self> ( 

Zu fn cmp(&self, other: &Self) -> Ordering; 
Sa fn max(self, other: Self) -> Self { ... ) 
4. fn min(self, other: Self) -> Self í ... ) 
53 ) 


000008-48000000Ord LEE aL IPartiaO rd HUOO 
LİLİLİL İLİ İLİLİ İLİ İTLİLİLİL İİ İLİLİLİL İTİL AKLA A İT İLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
LİLİLİTİLİLİLİLİLİ Na NDUDU NaNO=NaNQ III III III! 
LILILILLPartialEqliPartialOrdfilililililOrdiiHliki Ordunu 
cmpliLliiLiiiilmaxilminlililililililililicmpillilillOrderingTiLULiLi 
Option[]Ordering[1100000000000000000000000000000000 


ORust10000000000000000000traitl000008-49000 
010008-490000000 


d use Std: : emp: :Orderindg; 

2 fn main() { 

3 let result = 1:0, partIal emp (82:0); 

4. ASSert Ed (result, Some (Ordering Leste). 
e let result = 1.cmp (81); 

6 assert eq! (result, Urderings: Equal); 

7 

8 


let result = "abc".partıal cmp ("Abo")? 

2 assert eq! (result, ¡Some (Order 1ngt IGrester] ). 
2. LEE mut vs [E523 8] = Tö.U, 4.1, 12, 3.49, 2.51; 
10, v.sort by(|a, bl a.partial emp(b) unwrap () ) ; 
lla assert! (v == [lw2, 2:5, 3.4, 4.1, 5.01)? 
LA, v.sort by(la, bl b.partial cmp(a) .unwrap()); 
13. AASBEEL Y == (AJO, 4.1, 3.9, 2.8, 42137 
14. ) 


000008-4200000300000000000000000000O0partial cmp 
000000Somef]Orderingf |(]Less(]0000040000 


000 5 000000000000000000000 emp 0000000 Ordering[l] 
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partial emplİTTTİTİTTİİSİLİLLİ 
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00000000000Iderive1000000 
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1000000 000Vectoril0000000000000Darrayt100000000000 
[E] 000000000008-20000 
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L. Bub trait SliceExt | 

də type Item; 

3; TT 

4, fn split<P> (&self, pred: P) -> Split<Self::Item, P> 
A where P: FnMut(&Self::Item) -> bool; 

6. 

Ta fn binary search(&self, x: &Self::Item) => Result<usize, usize> 
wA where Self::Item: Ord; 

d. fn len(&self) -> usize, 

10 fn is empty(&self) -> bool | seli.len() == 0 | 

Ils fn iter mut(&mut self) => IterMut<Self::Item>; 

12; fn swap (&mut self, a: usize, b: usize); 

13, fn contains(&self, x: &Self::Item) -> bool 

14. where Self::Item: PartialEq, 

13; fn clone from alive (&mut self, sre: &[5elfr:ICem]) 
16. where Self::Item: Clone; 

Li. fn copy from slice(&mut self, src: &[Self::Item]) 
18, where Self::Item: Copy; 

1325 fn sort unstable(&mut self) where Self::Item: Ord; 
20. J 

21. impl<T> SliceExt for [T] ( 

GP type Item = T, 

20: 

24. ) 


000008-500000000corefslice[]000SliceExt[Otrait]00000 
0000000000000000000000000000000000210000000000[LT100 
OOOSliceExt[ 

UUUarrayQUQUUUUUUUUUUUUUUarray UUW exa AHAAA 
000000000000000000000000000000000000000000000000000 
OOL 

[Rust 2018(00000000array0000000match(0000000matchf] 
[jJarray LILHIETD HILL L8 -9 Tu 


LILILILI8-5111matchi | larrayl TİLLİ 


d Eti picktarr: T132: 31) 4 

2 match arr { 

3 |; y 3] => printini ("ends with 3"), 
4 .d, a; Cl => BELBLIHSTUIEZYTR Gr 47721", m Cl, 
5. |»... | €” Pfrntlimi (”pasalı”ı, 

6 ) 

7 ) 

8 fn main() { 

B let arr = İl, 2, 3]; 

ep pick(arr) y 

Lla let arr = [ls Ze 21; 

LA. pick(arr); 

L3. let arr = (1, 3, 5]; 

14. pickiarr]y 

19, d 


00000 8-51 0000 pick 00000000000000000000000000000 
0100000000000000030000000002000000match10010000000000 
LİLİLİLİTİLİLİTİTİLİTİİİİ 

UURust İl larrayliTIlİ İLİLİLİİLİLİLİLİLİLİLİLİLİLİLİİLİ ET DE TCI ETDDTC TEILTE TTL 
10000000000008-52000 


00008-520matchf]0000000 


lL. fn sum(nume 511321) 4 

2 match num { 

3 [one] => println!(" at least two"), 

4 [Ilrst, second] => print ln! 

M 1122) + ($?) = 112? Y, first, second, first+seccnd 
6 ) y 

] _ => printini( 

Bu "sun 18 41371”, xuum.lrter()J.fola(U, Lët, L| Sum + 1) 
9. ) 

18 4 ) 

lb» J 

12. fn Maint) 4 

13 sum(&[1]); // at least two 

14 sum(&[1, 2]); TALLADOS 3 

15 senn STT, 2, 217: // sum is 6 

16 sumt&[1, 2, 3, 5117? // sum is 11 


"su 2 


000008-5200000000match[]0000000000sumi00000000000 
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LILILILILILILILILILILILILILILILILILILILI I IMapi i 000Map TİTLLTLLİKey- 
Value(000000000000000000000 Entry AA Mapi HO Keya 
ONE Key ITU Ma pH 00D 00000 0d 0000000000000 O 0100 
00000000 Hz 000000000000000000000000000000000000000 
0100000000 Rust] 0000000 Map QOUUUUU Hashtable [| [| 
HashMap [(0000000000B-Ireef](] BIreeMap 0000000 
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1 use std::collections::HashMap; 

2 fn main() { 

3 let mut book reviews = HashMap::vith capacity(10); 
4. book reviews.insert ("Rust Book", "good"); 

5 book reviews.insert ("Programming Rust", "nice"); 

6 book reviews.insert ("The Tao of Rust", "deep"), 

7 for key in book reviews.keys() { 

8. PETOLiMi( Li, ev) 

9. ) 

10. for val in book reviews.values() | 

Lİ, pristini ("LI", val]: 

12: ) 

l3. if {book reviews.contains key("rust book") | 

LA. printin! ("find () times ", book reviews.len()); 
l3. ) 

15. book reviews.remove("Rust Book"); 

ën a Let to fina = (“Rust Book", "The Tao af Rust"]; 
18. for book in &to find { 

19, match book revievs.get (book) ( 

AQ. Some (review) => printlin! ("{}: {}", book, review), 
Ch ja None => println!("{} is unrevieved.", book), 
1 ) 

22. ) 

24. for (book, review) in &book reviews { 

25. println! ("0s X"UTV"", book, review); 

26. ) 

21. assert eq! (book revieysi"Tha Tao of Rust"], "deep"); 
20. } 


000008-530000HashMapfl][]with capacity[]0 0000000 
HashMap [U String[] Vector 000000 0000000O0OO0OO0OOOL 
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LILI 4116 0000 insert (00 HashMap (100000000000000000 
HashMapl]00000]HashMap]kstr]kstr[ 


010070120000keys[values(]000000000HashMapll0000000 
000000000000HashMapll000000000000000000000000000000 
LİLİLİLİLİLİİ 


000130150000contains key HOOD 
00000014 0000000 fen EDU Hash M a p IL III! 


000161]230000removef]00000000HashMapl]00000000000 
HashMapl]l0000get0000000000000get000000Optioni 00000 
000000match0000000000000 Somel]reviewt1]010000000000000 
LİLİLİLİLİLİİ? 


LILİİ124112611LİLİLLİbookflrevtevvlillforlİTİTİLİİLİLİLLbookfİTİLİ 
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000270000 Index ODO A On HE IILI CIC UR us CT] 
LindexlilililillindexMutliLLLumuİİİİİhashi key 00000000000 
hashlkey]=value[]000000000000000000000000000000000000 
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1000000000Entry1100000000000000008-24000 


00008-24[] Entry [E] 


1 pub enum Entrye” a, E: “a, Ve “a> 1 

Za Occupied (OccupiedEntry<'a, K, V»), 
Séi Vacant (VacantEntry<'a, K, V>), 

4. ) 

UO 0008-54 0000 Entry 000000000000 Occupied 
[]JOccupiedEntry[][]a[]K[] VL]l]l] Vacant[] VacantEntry[]L]a[] K L] V 
000OccupiedEntry[ | ]al]KOVOOVacantEntry(]0a0KOVO00000000 
000000000HashMapl0000000000Occupied 000 Vacant TT 
UL 

Entry1]0000000000000000000000HashMapll00000000000 
01008-25000 


00008->50entryi 100000 


1. use std::collections::HashMap, 

2 fn main() { 

3 let mut map: HashMap<éstr, u32> = HashMap: :new(); 
4. map.entry("cürrent year").or Insert (2017); 

2 assert eq: (map "Current year”), 2011]; 

6 “nap.entry ("current year").or insert(2017) += LU; 
7 assert eg! (map [ "current year" Le 2021); 

8 let last leap year = 2016; 

9. map. entry ("next leap year") 

10, ‚or insert with(|| last leap year + 4 ); 

LE, assert eq! (map["next leap year"], 2020); 

LA, assert eq: (map.entry ("current year").keyQo, & "Current year"); 
18. ] 


100008--2 0000 Entry 100000U000U000 er insertli 
or insert with[Jkey1]10000000000000entryl]000Entryt]KOVOO 

00030000 HashMapflll]new[]000000HashMaplll0040000 
entry1]000000000000Entry1]000000 current year TİTİLİİeniry 
000000000000000000000000000000000000000000000hashft 
00000hash00000000hashOO0OOOOODOODOOOOOOOOOOOOOOO0A 
[Occupied1]1000000000000Vacant00010000000000Entryt]KOV 
OO 

LİLİİEntryliLİLİLİLİLİTİLİLİLİİİİİor insert İİİ bb p p E TD OCIO DITE 
1000000000000000006000000000000"*°Oor insert li bit 
UU 

00080100000or insert with]0000000000000000000000 
LİTTLTİİTİFnOncefll1-TİVTİLLİLLİLİLİLİLİLİLİLİLİLİLİLİLİİ 


0001 2000000key110000Entry(]00 
WUUU8-56QUUor_insertQQUUUU 
00008-56[]or inserti İLL | 


1 pub in or insert (seli; default: V) => &'a mut V 1 
2 match self { 

.. Occupied(entry) => entry.into mut(), 

4 Vacant (entry) => entry.insert(default), 

Ə ) 

6 ) 


000008-2600000000entry10000000000000000match HH 
00000000000000000 Occupied[]entry( 0000Ointo mol lll] 
00000000000000000000000000Vacantlentry[]000000O0insert 
LİLİLİLİLİLİLİLİLİLİLİLİnseril [ED VacantEntry|[ Insert] Ti 
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III Hash Ma pi III ILIILILI II IILI 3 7000 
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be üse Sstdri:ocollecbEions:siHasbMap; 

2. İn merge extend<'a>( 

oe mapl: &mut HashMap<&'a str, &'a str>, 
4. map2: HashMap<&'a str, &'a str> 

a 9) 1 

O. mapl.extend (map2); 

Ts } 

o. 11 Merge cima a> | 

ə mapis HashMap<&'a str, &'a str», 

LO ; map2: HashMap<«'a str, &'a str» 

llo Y => HasnMap<e’a str; &'a SUE» 1 

LA. SEL 1nto LECET () .ciain (Map2Z) .collect() 


19. I 


14. İn merge by ref<'a>( 


15, map: &mut HashMap<é'a str, &'a str>, 

155 map ref: &HashMap<&'a str, &'a str» 

Li, JA 

18. map.extend(map ref.into iter() 

19, .map(| (k, vil (k.clone(), v.clone())) 
RU a ) ; 

lü J 

22. ih maini) < 

23. let mut book reviewsl = HashMap: :new(); 

24, book revievsl.insert("Rust Book", "good"), 

23: book reviewsl.insert ("Programming Rust", "nice"); 
20. book reviewsl,. Insert ("The Tao of Rust", "deep"); 
21: let mut book reviews2 = HashMap::new(); 

20. book revlews2.Insert ("Rust in Action", "good"]; 
29, book reviews2.Insert ("Rust Primer", "nice"); 


( 
( 


30. book reviews2.insert("Matering Rust", "deep"); 

31. // merge extend(&mut book reviewsl, book reviews2); 

32 a // let book reviewsl = merge chain(book reviewsl, book reviews2); 
34; merge by ref(&mut book reviewsl, &book reviews2); 

34. for key in book reviewsl.keys() { 

33. printin! ("{}", key); 

36. | 

31s ] 


000008-570000HashMapll0000000 


10020700000 merge extend [0000 extend [10] 00000 
HashMapf]0100510000000000000 extend] 00000HashMapfl000 
01000000 

000801300000merge chainf]010000[linto iter[]|]Chain[][] 
010000000000520000000000 

0001402100000merge by ret110000000extend(]0000000 
00HashMapl]0000003530000000000000000000000HashMapfll 
000000000005400for1000000004 


HashMap 00000 
00000000000HashMapll000000000000 
100000 Hasha 

02000000HasAd00 
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HashMaplll1000000000000000000000000000000000000 
00000Hash000Hash(10000000000Capacity1100000000000000 
00HashMapfl000000008-2000 


map.entry("year”).or insert(2017) 


Capacity 


TA TET sər 


idx 


| | 


/ Hash \ hash(" year") 
year * | Function Ya 
d / 


LT. Capcacity 
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00000000000Hash[ E] 00000Hash(0000000000000000000 
0000000000000000000000000Hash(1000000000000000000000 
00000000000000000000000 Hash000000000000Aash(000000 
III TEILTE TEIL TEILTE 

HashiTilHash Collision! | TIiHHashl1LLHULULLUUUHashLML 
000000000000000000000000000000000000000 Hash (000000 
00Hash (0000000000Load Factori [11000000000000000000 
0000000000100000090000000000000.900000000HashMapfll 


LİLİLİLİL İİ İLİLİLİİ İLİ İLİLİL İT İLİ İLİLİL İTİ İTİTİLİL İT İL İLİLİLİT İLİLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
0000 Hash 00000000000000000000000000 


Rust 00000HashMapll000Hashf]0000SipHash1 50000000 
0000 SipHash24 [[ SipHash[]00000Hash[ 0000000] Hash 
Collision DoS] DJODOO0 0000000 Hasa 000 0000000000000 
Hash[]100000000000CPU0000000000100%100000000000000 
00000000000000000SipHash[]00000000000000000000000 
Rust ]00SipHash13000000SipHash24[000000SipHashl] 0000 
UURustQQUU00 00000000000000000000 Hash (0000000000000 
Fnv| | J[ | 
00008-580000RustJHashO O traitooo 
00008-58 Rust ]| -HHash|[ | | trait Ti 

pub trait Hasher { 
fn finish(&self) -> u604, 
fn write(&mut self, bytes: &[u8]); 
) 
pub trait Hash { 
fn hash<H> (&self, state: &mut H) where H: Hasher; 
Ta } 
8. pub trait BuildHasher { 
9. type Hasher: Hasher, 
LU, Tu puriq HRasherisselt) — ooo” 
Li. S 


00008-2800000000Hashf0ltrait1100001040000Hasher 
0000Hash00000000writel]010000000000000000änish(10000000 
ULULL 


0002070000Hash trait]00000hash0000Hasherl write) 
OUOU 

HULMSEH111uUHH BuildHasher [000 Hasher [l 00000 
build hasherlllLiLULMLMHasherll 

0OOtrait[]Rust[]Hash]000000000Rust0000000Hash [Eq |] 
Graul İTLLLLLLLFashMaplULULLULLLİLLULELLULRİLLİFashMapliEi 
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LILIT116-5 ƏHİLLİLLİLLİİnvlİLİİFnvliTİİI 
00008-590Fnu000000 


1. pub struct FnvHasher (004) ; 

2.  impl Hasher for FnvHasher { 

Ja fn finish(&self) => u64 í 

4. self.0 

B. ) 

B. fn write(&mut self, bytes: &[u8]) { 
Ze let FnvHasher (mut hash) = *self; 
8. for byte in bytes.iter() { 

o, hash = hash ^ (*byte as u64); 
LU. hash = hash.wrapping mul (0x100000001b3) ; 
EE: ) 

12; “self = FnvHasher (hash) ; 

13. ) 

14. ) 


00008-2900000000000000000000AHasherl]0000000000000 
00HashMapf]000000008-60000 


00008-60[ HashMapl IT 


1. pub struct HashMap<K, V, S = RandomState> 1 

La hash builder: 3, 

Sa table: RawTable<K, V>, 

4. YƏBİZƏ policy: DefaultResizeProlicy, 

9. ) 

B. impl<K: Hash + Eq, Vo HashMap<K, V, RandomState> { 
Tə pub fn nev() -> HashMap<K, V, RandomState> { 

B Default::default() 

9. ) 

Ll]. 3 


Il» impl<K, V, 56” Default Tor HashMap<k, V, ©» 
LS, where K: Eq + Hash, S: BuildHasher + Default 


Lə, { 

14. fn default() -> HashMap<K, V, S> { 

15: HashMap::vith hasher(Default::default()) 
L6. } 

It. 1) 


00000 8-60 00000 1115 00 HashMap (000000000000000 
hash builder[]table[]resize policy[][][lhash builder[]00000000 
SOOO0U00U RandomState [00O RandomsState [00000000 
DefaultHasher [| (0 0 O SipHasher13 0000 Hash (0000 
Randomstate QQUQUU00000000000000000Has hl WITT 

table [| [] O HashMap [J] 00000000 Raw Table[]K O VI] [] 
resize policy[]100000000000000000HashMapll0000000000000 
0000000000000000000.90000000 


0006010000 HashAMap OOO newA 00000000 0 Defaultlili 
default(]00000011017000000HashMap[] 0 O Default trait] 
with hasherl]00000000SipHasher13[] 


000000000000000000 Hash 0000000000000000000Hashf] 
000000000000Hash(10000000000 000000 000000 00Hashf] [| 


00000 00000000000000000000000000000000Bucketl000 
LİLİLİLİL İİ İLİLİİ TİL İLİLİLİLİ İLİİLİLİLİL İT İL İT İTİLİL İT İL İLİLİLİT İT İLİLİLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
LİLİLİLİL İİ İLİLİL İİ İL İİLİLİİ İT İİLİLİLİL İİ İT İTİLİL İT İLİ İLİLİT İT İLİLİLİLİL İT İLİLİLİLİL LİL İTİLİLİLİ 
LİLİELTİLİİLİİLİLİLİLİLİLLİLİLİİFTashMapilİTİİLLLİLLİ 


LİLİLİLİLİ TİLİLİİ İİİ İLİLİLİLİİ İTİ İT İLİLİLİİ İT İT İL İTİLİLİL İT İLİ İTİLİLİLİT LL 
000000000000000000Probef] 010000000000000000000000000 
00000 Linear Probingi| 000000000000000000000000000 
[Quadratic Probing[]1100000000000000000000000000Rubyt] 
0102.40000000000000OO000O0 Ruby LOO 
Python[110000000000000000000000000000000000000000000 
LİLİLİLİL İLİLİL İİ İLİ İLİ İLİLİLİL İL İLİ İLİYİ 


00000 0000000000000000000000000000 Hash O 0000000 
0 Hash]000Hash[]00000000000 


Rust ITU DODOOOO00 000000000 Rusi 00004 
[Robin Hood Hashingi| (| DODO 
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Tu tail: B. 
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3. | 
4 fn main() ( 
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fn main() { 
let mut vec = vec![1, 2, 31, 
vec.insert(1, 4), 


assert eq! (vec, İl, 4, 2, 31); 


assert eq! (vec, [1, 4, 2, 3, 51); 
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4 

Ji vec.insert(4, 5); 
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7 // vec.insert(8, 8); 
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fn main() { 

let x = false; 

assert! (x, "x wasn't true!"); 

let a = 3; let b = 28; 

debug assert! (a + b == 30, "a = {}, b = {}", a, b); 
} 
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* LİLİLİLİ LİLİLİLİLİLİL İTİL İLİLİ LİLLİ 
* LİLİLİLİ LİLİLİLİLİLİL İTİL TOEIC TTL TL 
“ LİLİLİLİ LİLİLİLİLİLİL İTİL İLİLİ İLİYİ 
LİLİLİLİ İLİLİL BOO ODO İLİ İLİ İLİLİLİLİYİLİİ? 


LİLİLİLİİİLİLİLİLİLİLİLİLİ panic pp OUT assert 000000000 
A NN 
UI Tool 
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' Option "IT 100000 00 DODO Rash M ap UU 
LİLİLİLİLİİLİLİNonef TTT IINone[iii III IIII II IILI III 


' Result [TL ]E[] 00000000000000000000000000000000000 
LİLİLİLİLİLİ 


 00000Panic[) 10000000000000000000000000000000000 
LİLİLİLİL İLİLİLİ İLİLİİ İLİ İLİLİ İİ İLİ İLİ İLİLİLİ İT İLİ İLİLİLİLİL İTİ İLİT İLİLİLİLİL İLİ İLİ İLİLİLİ 


' DODODA bert] ] (000000000000000000 abort 0000000000 
UU 


Rust(100000000000000000Haskelll11000000000000000000 
0000000 Option TTE riResu RO TA EKA EE nu m OOOH 
LİLİLİLİLLİİLİİİLRusti VU III 


9.3.1 HlilOptionifTTl 


Optionl]10000000000000000000Somel!T[] (¡None (111111 
OUOption TADO OOOO DO UO BC CO On CIO EOE 
LEDHIDUDULDU Hash Mapi iia remove VTT 


Optionl]T0IOO0000000000000000000000000000009-51000 
00009-50Option[/T00000 


L. Th get shörtesi (memesi Vec«SSLEÉ^) — Option<estr> f 
CM if names.len() > 0 | 

In let mut shortest = names[0]; 

4. for name in names.iter() { 

de if name.len() < shortest.len() | 

Gn shortest = *name; 

Ts ) 

8. } 

I Some (shortest) 

LD, } else { 

Ls None 

12; ) 

l3. | 

14. fn show shortest(names: Vec<&str>) -> &str | 

15; match get shortest(names) 4 

15; Some(shortest) -» shortest, 

Ed. None => "Not Found", 

L3. ) 

l95 | 

20. fn main() { 

2l. dSserL eyi (SHOW Shortest(ves!["DUKg", "Eelipe"]), "Uuku”)? 
22» assert. eq! (show shortest(Vec::new()), "Not Found"); 
20 J 


000009-s0000get shortesti İİTLLİVecliSstrtİLLiLiLiLİLİLLİLNLL 
(100000000000000000000000000000000000000000000000000 
OOOO OO 00000 00000000000 Option TAHA None 000000 
some[]000000000000000000000000000000000000000000000 
000000000get shortest[]00000Optionf]kstr1]001 

0001401900000show shortest1000000get shortest[]000 
matchf[]0000000000Option kstr(]0000S5omel]0000000000000 
(None[(]000000000 Not Found” HOHO maini (0show shortest 
010000000000000 00 


unwrap) | J| 


0000000000 9-5 000 Option TANO match) 
00000000000Guawarpi]01000000009-6000 


LLTİ9-elTTlunvrapiT1Ti 


„ in show shortest (names: Vec<&stn>) -» &str 4 
// get shortest (names) .unvrap() 
get shortest (names) .unwrap or("Not Found") 


// get shortest (names) .unwrap or else(|| "Not Found") 


i 
2 
3 
4 
e // get shortest (names) .expect ("Not Found") 
0. ) 

7 fn main() { 

8 assert eqitshow snortest (vec: ["DRU", “Felipe™ |), "UKU”): 
2 assert eg! (show shortest. (Vecitnew()), "Not Found"); 

i! 


Os J 


000009-60000unwrapl]unwrap or[]unwrap or else HOHO 
Lllunvvrapl TTT Some [00000000 None HAHA 
show. shortest[]00000000000200000000000000 

00030000unwrap orf]000000match(100000000000000000 
Nonel]0000000000000 Not Found ”[1000000000009-50] 

000 4 0000 unwrap or else (00 unwrap or 00000000000 
LLiFnOncelll-LTTTLE 

HEIL TIO EI Lexpect İTİLLLLLTLİNoner HUUU 
[III] 

ITU Llunwrapiliiiiililunwrapilii L ILILI IILI 
000000000 Pool COU) expectl İTİTTTTİTTTİNoneftl 
LILILILIILLINNLmatchlifililllunvvrap orllunvvrap or else[]000000 
LLL 

0000Option] [TT] 

OOOOOOOOOOOU Option TAO 
IO Option TETBEIEELTunw ra ol TUTE 
HEHBDBBIBEIDEIN ener Ti iE Ematch (000000000000000009-7000 

00009-7000matchf1000Option[|T[] 


assert eg! (get shortest length(vec: | "Uku", "Felipe" Some 2117 


assert egi (get shortest length (Veci tnew()), None); 


L. fh get shortest length (names! Veecsestr>) -> Option<usize> | 
2 match get shortest (names) | 

3 Some (shortest) => Some (shortest.len()), 

4 None => None, 

Da | 

0. ) 

7 fn main() { 

8 

9 

1 


De j 


000009-70000get shortest length OOOH 
DZ Dloatchl oer shortest[|( IL ILIOption[]&str[|L LI IILI I I 
SomeTiliLiLiLiLilishortestlllenlİTİTİHİLİLİLİİİİ1SomefllİLİLİHİİİİİLİLİ 
Nonef0O0000Nonefl matchf]000000000000000000000000000 
[std |I]option[11000000mapi]00000000000000009-8000 
00009-80 0 map! Optionj IT 
Le TA get shortest length (names: Vec<estr>) > Option<tisize> | 
2 get shortest (names) .map(|name| name.len() ) 
3. | 
4. fn main() { 
5 assert eq! (get shortest leñngth(vec! ("Ukü”,"YFelipe”)) ,Some (2) )7 
6 assert eg! (get shortest length (Vec::new()), None); 
7 


| 


TIET. GUTT a pH OHOOO 9-/ L LILILILILI nn Oa 
maplj00O0matchf]01000000000000009-2000 
00009-9 std option [Option map 000000 
1. pub fn map<U, F: FnOnce(T) -> U>(self, £: F) -> Option<U> { 
2 match self { 
34 Some(x) -» Some(f(x)), 
4 
9 
6 


None => None, 


HO 9-9000000 map JI ILILILILILIL matoh E HAO Some) 
NoneflLiLİLLLİLİLİTİLİLİLİLİTLTİLİİİFnOncelTTT1-1TUTiULLiLimaplULLLiLLu 
HUOO Option III III IL ILILILIOptionI TAO ma po ITT 
0000Combinatorl | 


[Imapi Imap orl map or elsel]00000mapl]0000000 
match[]0000000000000000 Nene OUT unwrap or [| 


unwrap or else[][] 


100000000mapu0000000 0000000 O pre n TODO TOO 
OOUOUOption TİTİİTLLLLLmapliLİLLİİLİLİSomelf HUUU 
LİLLİLİLİLİLELİLLİLİLLİinverse (10000 DU double [110 INlog 000 2 
LİLİLİLİİİ UUsquare [UU Ulsqrt 000) OCULI İLİLİLİLİLİLİLİİ III 
TITTEN aN TİLLİİLİLİLİLİLLİLİLİLLİLLOptionlTT 
0000000009-10000 


HULULM9-1011maplland thenl 000 

fn double (value: f64) -> £64 { 
value ” 2. 

) 

fn square (value: f64) -> f64 | 


value.povi(2 as 132) 


al 

2 

3 

4 

m 

Ga } 
7 fn inverse (value: £64) -> f64 { 
8 value ” -l. 

9 

1 

1 


0. fn log(value: f64) => Option<f64> { 
L. 


match value.loo2() ( 


12. x LE X.1s normal() => Some(x), 


LS, m => None 

14. } 

Lis d 

l6. fn sart (value: f64) -> Option<f64> 4 

bei s match value.sqrt() 1 

18; x if gis normali) => some (x); 

19; m => None 

20. } 

ALA J 

ww Tn main Cy | 

Ed P let number: f64 — 20., 

24. let result = Option::from(number) 

sm .map (inverse) .map (double) .map (inverse) 
20% ‚and then (log) «map(square) sand then (sqrt) ; 
Els match result { 

20. Some (x) => println! ("Result was {}.", x), 
29. None => println! ("This failed.") 

ölə ) 

ala 4 


000009-10000001090000000double[]squarellinverse[ 1111: 
0000:6400000000000000000000000 


0001002 10000Joglsgrt00000000Optionllt641010000000000 
00000000NaN00000000000000000001og210sgrt000000000 
is normal[11100000000000000000Somef0000Nonel] 


[]main[]H]D D HU DD Li numberT[] EE] [] Option Dj O trem ID 
somef]numberl]0000000002500000000mapO000O0O0doublef] 
sguare[|linverse[|[1000000000000Somef]numberf |] inumber[|[] 
0000000000000000000mapi00000000mapit00000000Omapiil 
000000000000 Some [I] Somef]Somef]numberl]11000000000 
00000000000Somef]Somef]Somel[]numberll000000000000000 
000000000000000000and thenf]0000000 


00026000000and thenl İl fflogfisartliLlLiLimaplILLLLULİLİLİLLİ 
0000000000000230numberl]J0000000000 "This failed.” 


010009-11000and thenf]00000000 
00009-110and theni|[ iii 
1 pub Zn and. Ehensu, F>{seli; Es b; => ODLLƏBSU? 
2 where F: FnOnce(T) -> Option<U> 
3 { 
4. match self { 
5 Some (x) => £(x), 
6 None => None, 
Pa ) 
8. ) 
000009-11000Dand_thengo0mapdoododddadasaagSome 
land thenf]010000000mapi00000000Somel] 


[] map [] and then 00000000000000000000000000000 
Option TPODDO RO IILI IILI LIL ILILILILILILILILILILILI ILILIIIL 


9.3.2 [000 Result[ TI JE | | 


Option TOO0000 00 DUDU 
Option TODOO ODO 00000 Rustd 0000 Result O TH EH 
Option[]T000000000000Result]T0E000000000000000000000 
0000 Option[fT000000000000000Result]T00000000000000000 
IO 

00009-1 2000 Result THEO 

00009-120Result7TOEOO0 

1. [must use] 
2 pub enum Result<T, E> ( 
ə. OE CI. 
4 Err R: 
ə 


00000912 000000 ResultGTY EQOUUUUUUUUUOkUTUUErr 
LH EDIDIEIDTOKCTT HB B BED LB E E rr E DO HC D BHLCECIEL DOE 
[must use] (110000000000 Result THEN 
LİLİLİLİL İLİLİL İL İİ İLİLİİ İLİLİL İLİ İLİLİTİLİLİLİL? 

LLİT119-15111LİLLparself İLİLİLİLİLİLİLİLİLİLİİ 


LODU - 133 0E Oparset I III III! 


L fn main () { 

P; let n = "1"; 

> assert. egqi(n.parse::€132»2(), OKL 

4. let n = "a"; 

5 // WH Err (ParseIntError ( kind: InvalidDigit }) 
6 pÉéxntlni("irf2)]". N.Darse73721322 (7); 

4 ) 


100009-15000000000000000000000000000002000s00000 
İİİ) 
(oU parse HODODOD 0000 0000000000000 Err 
[]ParselIntError1kind|]InvalidDigit )|] 00000000000000000 
LİLİELİİLİİLİİLİLİLİLİLİLİLİLİLLİLLİLİİnvalid Digitl J| 


0000Result (TOEL 


Host Oresult]00000ResultlfT0E0000000000Junwrapll 
10000000009-1300000000000000unwrap. orll[ IILI LI II IILI! 
LIİLİTLİİLİİstdiliresult DETETEIOD UID OUI oa pla nd. thenl UI 
[1[Optiont]100000000000000000000000000009-1400000009- 
14100 00000000000 


Le use Stas RUMI ParssInEError? 

Zo In square (number str: eser) ~> Result<134, ParselntError- 
Sy f 

4. number Str. parses i<132>().map(|n| n.pow (2) ) 
Se 1 

6. fn main() ( 

Ts match square("10") { 

8. Ok (ñn) => assert eqi(n, 100), 

9, FE PE (eer) => primntln!("Errfor:; 412777, €ET), 
LÜ, ) 

lla Jj 


000009-140000sguarel]00000000000O0parsel]00000000iS 2 
000000map000000000parse[]00000Result0000000000000 
map (00000 square (1000000 Result[]i532[ParselntError[ III 
ParselntError[]0std[]0num[[00000000000000usel]00 

[mainf]0000matchfOsguare[]100000000Okln00000000000 
000 ErrJerr1000000000 

00000type00000000000000000000009-1 5000 

00009-12000typell000000000000000 


d type ParseResult<T> = Result<T, ParselntError>; 
4. {tn square (number Str: &str) =+ Parsekesult<is2> 
> { 

4 number str.parse: :<132>() .map(|n| n.pow(2)) 


5. | 

000009-15000001000typel000Result[]TParselntErrorf|[] 
0000ParseResultffT00000sguare[]000000000000 

10000000 


100 8 VODODOOOOO parse HEBBUBEHUIBBEIBEBELIULILL 
FromsStr[][trom str0000000000000Result ]FOOF as FromStr 
000Err0000u5200000FromStr]O0from str000000000000 


 0[000000000000000000 0 Err] ParselntErrort kind |] 
Empty HI 


- LİLİLİLİLİLİLİL İL İLİ İLİLİLİLİLİ İT İLİ İLİL LİLİT İL İLİL ALLAK İLİTİLİLİLİL İLİ) 
HU 


 000000000000000000as000char(000to digito HAAA 
IDDIE 
[]ParselntErrorf+ kind[]InvalidDigit “J000000000000000000000 
0000000000000000000Err[]ParselntErrort kind[]Overflow HI 

[IILI IILI LI parse POD HOOD 000000 0000000000000 
Result T0E000000000000Err1000000000000000000000000 
00000parsel0l00000000000000009-16000 

00009-16[ParselntErrorl || 


pub struct ParselntError | 
kino. "IntErrörkınd, 


pos 


) 

enum IntErrorKind { 
Empty», 
19731 Dio rt 
Overflow, 
Underflow, 


O OO — O) OO A EN 


. 3} 


UULL9-16TiLiParselntErrorLi IILI LIparse[i[ Eb EBD IU! 
[)ParseIntErrorf]000000000000IntErrorKind[]0000000000000 
0000000000000000000000000000000000000000 

0000000000000000VO00000O0RustiOiOstd[ jio (00000000 
0000Error (100000000000000000VO000000009-17000 


00009-170std[ To ][ | || D Error J| 


DUB SUÜPUGL HEEOE + 
repr: Repr, 

} 

enum Repr { 
OS (1.2327, 
Simple (ErrorKind), 


Custom (Box<Luston>) , 


on Da U SP EN HP 


) 


struct Custom 1 


ES ED 
cD . 


kind: ExrorKind, 
b error: Box<error::Error+Send+Sync>, 
12. J 
13. pub enum ErrorKind { 
14. NotFound, 
15. PermissionDenied, 
16. ConnectionRefused, 
Lo a ConnectionReset, 
(ECH ConnectionAborted, 
(KP NotConnected, 
20 
ALe J 


00009-17000std[]Oio[]0Errorf()]000Errorf]0000000Oreprl]l 
Repr[]0000Repr00000000000Ostlis2[]0 Simplef]ErrorKindf][] 
Custom] ]Box[]Custom|11000000000000000000000000000000 
00000000 ErrorKind]01000000000000000000000000000000 
00000000000000000000000000000 
0100000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000009-18000 
00009-1800000000000000 


L. üse SES $ ere? 

Zə use etdi::fs:sELle, 

Su use stds:20: zprelude::*; 

4. fn main() { 

o let args: Vec<String> = env::args().collect(); 
o. BELGELID! le.” BIDS) 

T. let filename = &args[1]; 

B. let mut f — File::open(filename).unwrap(); 
I, let mut contents = String::new(); 

LO y r.read to string(&mut contents) unwrap () 7 
Lla let mut sum € 0; 

Lz s for c in contents.lines() { 

L3. let n = c.parse::<i32>().unwrap(); 

14. sum += n; 

LB. } 

Lb. preintial ("4 e 6 Sum); 


Lis | 


00009-1 Spo00000000d0000 0000000000 0000000000000 
stdIlLlenvLillargslİ HOHO SOU 
[| Vec[]StringD İTLİ” LİLİLİLİLİLİİLİLİLİLİLİLİLİLİ D0OD000000d00000 
Lillllargsll DOHA 


Hagen Fiernrnepenrni Result Eier] 
Error EODD CE DECIDE CIE DEED EL D DEECIETCT E 
std Hio IILI yen D Result  TT[ Error KOO Result TED] 
LİLİTLTİLİLLİLİLİLİLİİResultl TE e DEDE EIEE EE Lun wa rp ELI ER esu t | 
LİLİLİLİL İLİLİL İLİ III 

000900010000Oread to string(]000000000000000000 
contents[]][]]]read to string(]1100000000000000000000000000 
LİLİTÜTF-ƏTİİLLLLLLİLELLELLLResultilusizefllİlİLiLiLusizelll d ED 
(OUT 

0001111 SUNULNNL Unun nunu nu ununu uu uni 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİLİLİL İL JE TC TTL TL 


III Lo origin.rs[i j Irustc[IH b d td 


$ ./io origin test txt 
PO Origin”; “tesi txt") 
in file test. txt 

6 


LiLiLho origin İT İİTİLİLİİİİİLİLİLİLİtest, UU 
1020 SO00000000060 


LiLilitest txt İİİ LULU LL IILI: 


thread "main" panicked at "called Result::unwrap() on an ‘Err’ value: 


ParselntError { kind: InvalidDigit }', src/libcore/result.rs:906:4 


0000000000000000ParselntError 1 kind[]InvalidDigit HO 
0000009-1800000000000000000000000000000000000000000 
LİLİLİTİTİTİTİTİTİLİTTİ 


NLUUNL/O parsel ODO OOOO ODO O 0000 00000000000 Rust 
00O0Error trat ITU İtraitl I UI IL I trat ITT 
00000000009-19000 Error trat 0000 

00009-19[ Error trait| || 


1 pub trait Error: Debug + Display ( 

2 fn description(&self) -> &str; 

3 fn cause(&self) -> Option<&krror> (í ... | 

4 ) 

I impl<"äa,. E: Error + "a> From<E> for Box<Error + “a> | 
6 fn from(err: E) -> Box<Error + ‘a> í 

4 Box: :new (err) 

8 } 

9 ) 


000009-190000descriptionf]causef]0000000000000000000 
00000000000Itrait]000000000000Debug]Display110000000 
Box[]Error| |] Error HOHO 


Q0009-1900000Box[]Error+ [Tar] From trait 00000000 
From] |[]from[]01000000Error(]0000000000Box[]Errorf |] 

01000000009-1800000000000000000000000000000000000 
Rust 20151iLLiLlmainl ]EJEHETHILID HELL] Rust 20181] main ITU 


LOIDEIEIDCIDEIEIE CIO EIE EID EIE 9-2 8000 
00009-2000000009-1 8000000000 rend 


use std::env; 


QO si Gi DI yx du By FP 


FF © 
HO: 


18. 


PRP jp KR HH 
a o) O B® uN 


star :error:shrror; 
Stat: Eerst le: 
STOS 518: Sprelide: s) 


sta: process, 


type ParseResult<i32> = Result<i32, Box<Error>>; 


fn main() { 
let args: Vec<String> = env::args().collect(); 
let filename = &args[l1]l; 
println! ("In file {}", filename); 


} 


} 


match run (filename) | 
OK (a) => í println!("i:2H".; Di b, 
Err(e) => 1 
princin! ("main errors IM, e); 


process::exit (1); 


DOUT. 2OHTLİRLİLİLLİRİLİLİLİİLİmain TİTİTİ İTİL rund IT 
runULLULLUResulilli321iBoxHErrorfüLLüLimainlilililimatchiiiLRLu 
LILİLİETrİİeLİLİİ İLİ 000000 


LİLİT119-2 111Lllruni UUL 
0009-21 run 000000 


1. fn run(filename: &str) -> ParseResult<i32> ( 

2 FiL.əeş:open(filename) ‚map err( |e] e, into()) 

3 «and then(|mut Il) 

4 let mut contents = String::new(); 

2. f.read to string(&mut contents) 

6 map err(lel e.into()).map(| |contents) 

7 J) 

8 ana Chen (| CONKERS | + 

9. let mut sum = 0; 

LU, for c in contents.lines() í 

kl, match c.parse::<132>() { 

LZ 3 Ok(n) => {sum += n,), 

LS, Err(err) => { 

14. let err: Box<Error> = err.into(); 
18, printin! ("error info: il, cause: 477)" 
16; , err.description(),err.cause()); 
Ll. y 

18. // Brr (err) => | return Err (From::from(err) );}, 
19. ) 

SH. 

Ala Ok (sum) 

Ae a )) 

20. 


00000 9-21 OOrun 0000000 Resultpi32rBoxrError(intu 
ParseResult[ 1320 0000000000000000000000 


000200 File QU open 0000 Resultp]File[] W000 map err 
OJe[e.into[]000000000000000000000000intofl0000000Boxl[] 
Errorl(HUULULUULULUULULUULULUN Error trait [] From traiti 
000000000000Box[]Errorf TİTULUNU 
TUTE! 
00000000000000000000 Pilelillopen (11000000000return(]000 
00000000000000000000000000000000000000Ö0000 


000 307 0000 and then DOUD map err 00000 
Result[]File [DELIA DOO S OCDIDULCID read to stringl]10000000 
LİLİLİLİL İL İLİLİLİİ İT İT İTİTİLİLİLİLİİ İTİLİLİ map err[| İTİL İLİLİLİ İİ III Imap 
LİLİLİLİL İLİLİLİLİLİLİL İLİ TİLİTİTİContentsil 


00080200000and thenl KIOO 
000000000000000000000000000000000000000000000matcht] 
LİLİLİLİLİLİLİL İLİLİLİİ İİİ İLİLİLİİ ol ]Ejs um VOD 
Bol Error HOHO description cause HILO 
OOL 

0002100000k[ ]um TE Em aia TTT 

LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL İTLİLİLİETTİ enmt (TTT 
LİLİLİLİL İF İLİLİİ İİİ İLİLİLİİ TİL İLİLİLİL İTİ İTİ İLİL İT İLİ HUUU 
HU 

LİLİLİLİLİİ 11 İL İL İF İL İL İTİLİLİLİLİL İİ TT İT İT İL İLİLİLİLİLİLİL İT T İT İLİ İLİLİLİLİLİLİL LL 
return[]11001000000000015000000000000000001501 70000000 
LİLİLİLİL İF İLİLİL İLİ İLİLİLİİ TİLİLİLİLİL İTİL İL İLİLİL İT İLİ İLİLİL İLİLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
OOOO unwrap TİL İLİ IILI IILI IILI III! 

LiLltraftl Unun nn nunun ununun nu nunu 
1000000000000000009-22000 

010009-2200000000CHError 


use Std::10; 
use std::num; 
use std::fmt; 
# [derive (Debug) ] 
enum CliError ( 
Ioiio::Errorj, 
Parse (num: :ParselntError), 
| 
impl fmt:sDisplay for CliError | 
EU; fn fmt (&self, f: &mut fmt::Formatter) -> fmt::Result í 


3 CƏ si OS W@W şe GO Ni E 


İl. match “self | 

12. CliError::Io(ref err) => write! (£, "IO error: (1", err), 
13. CliError::Parse (ref err) => write! (f, "Parse error: {}" 
14. , err), 

10, ) 

16. } 

Lio 1 

18, impi. Error for CliError í 

19; fn description (&self) -> &str | 

ZA y match *self { 

as CliError::Io(ref err) => err.description(), 

2 s CliError::Parse(ref err) => Error::description(err), 
23. } 

24, ) 

23, fn cause (&self) -> Option<&Error> ( 

20. match *self { 

Ela CliError::lo(ref err) => Some(err), 

23: CliError::Parse (ref err) => Some(err), 

29, } 

20 = ) 

Ələ ] 

32. type ParseResult<i32> = Result<i32, CliError?, 


00000 9-22 0(0000000000 CliErrorljLILILILILILILILILILILILILIIo 
HoLlHErrorliLParselinumi iLiParselntErrori İLLİHMLUTOLİLLULLULUL 


O0CLError[]00Displayl[ Errorl) 
0000032000type[000ParseResult[i32(0000000Box[]Error 
00000000CliErrorf] 


01000000mainil000000O0run]000000000Box[]Errorl]0U0O00A 
CLError(]000009-23000 


00009-23000run[10000CliError 


d fn run(filename: &str) -> ParseResult<132> í 

2 Files:open(filename] map err(CliError:tlo) 

3 sand then(|mut £|{ 

4 let mut contents = String::new(); 

Di fread to string (smut. contents) 

6 ‚map err(CliError::Io).map(| |contents) 

7 }) 

8 «and then (contents | 

9 let mut sum = 0; 

LÜ, for c in contents.lines() { 

LL, maten c.parse::«132»() 4 

12 i Ok (n) => {sum += nj), 

Le m Err(err) => ( 

14. let err = CliError::Parse(err); 
15, printinl ("Error Info: {} Xu Cause by (ız 
18; , err.description(), err.cause()); 
17. by 

18. // Err(err) => {return Err(CliError::Parse(err));}, 
19. ) 

20. ) 

2. Ok (sum) 

AE s )) 

22 J 


00009-230000000Box[]Error[]000CdiErrorf]000000000000 
000200map errf]|e[e.into[]000000map errf]CliError[]01o0000 
000000000000000000000000000000VO001 


UUUUmap_err HUUU 
000000000000CLError[]01o00 in ]io[]0Errorf]-0CLError[]0000 


00060000000000 


0001401 70000000C4Errort]]Parseflerr(1000100000000000 
LİLİLİL İL İLİLİL İİİ İLİİ İLİ LULU UH İLİTİLİ İLİ return [HUL 
00150000 


0000Oklsumf]0O0main1010000000000000000000000000000 
IILI III III] 


Rust[]| L ItryLi 0000000000000000Result0000000009-24 
LİLİ füryT İLİLİLİLİLİ 


LLT119-241Ttryl TİLTİL 


Li Macro. rules! try 1 
(Sexpr:expr) => (match Sexpr { 
Scrate::result::Result::Ok(val) => val, 


Scrate::result::Result::Err(err) => { 


2 
> 
4 
Dü return Şcrate::result::Result::Err( 
6 Scrate::convert::From::from(err) 
7 ) 
9. 
I }) 
ID. 7 
000009-24000000macro rules LiL” S *000000000 
000000000 12 000000000000000000000000000 match 00 
Result (00000000000 return (0000000 6 000000From[]Ofrom 
II 


LİTİLTİİİİTİLİTünİ Tİ İTİLLİİS-2 9000 
UU009-25U00tryUlllrun!] 


LƏL Frome«io:tEkrror» for CliEYrorT | 
fn fromterr: 10s:Error) => GlaError 1! 
Gö T Error: lover) 
) 
) 
impi. From<num: :ParselntError> for CliError | 


fn from(err: num::ParselntError) -> CliError { 


CO. =] ÖY CH ad G Pä E 


CliError::Parse(err) 


9. } 

dəh) 4 

11. fn run(filename: &str) -> ParseResult<i32> { 
12: let mut file = try! (File::open (filename)); 
13. let mut contents = String::new(); 

14. try! (file.readğ to string (6mut contents) ) z 
19. let mut sum = 0; 

18; for c in contents.lines() { 

LI. ler nö 132 = try! (6.parse:2?€13220)) 7 
İri P sum += n; 

I5 ) 

2. Ok (sum) 

41. | 


LIILLL9-25HHLLLTETOLLECİHErrorTTFromlİİİLLLLİLİoTİLU 
Error[][]l] ClieError]J]]JIo]Jerr HHH num[][]ParseIntError NUN 


CliErrorf |Parsef]err(]00000000try(0000 
000120000try00000File00open(00000000000000000 


000140000ty00O0Olread to stringi] 00U000000UTE-š0000 
LİLİLİLİLİLİLİLİL. 


0001 70000try0000Oparsel0000000000000000000 

00 try UTC 17 LLILILILLILIU ryo Ua 
LİLİLİLİLİLİLİL İL İİ İLİ İLİ İLİLİLİL İL İLİ İİ OOO İLİLİLİLİL İL TL TEC ICT IL TC TL ILI yA 

LİLİLİLİLİ İLİLİLTİİLİ TİTİLİLİLİİ İTİL İLİLİLİLİL try LL 
LİLİLİLfiryLiHtryliLitryli. ..TİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLLLLİLİRusti iL) 


UI *00try110000009-26000000000000000000 
UU 


0009-26 0000000000 trydB 


1. fn run(filename: &str) -> ParseResult<i32> í 
2 let mut file = File::open(filename) ?; 

ə let mut contents = String::nev(), 

4 £1L18.£0090 to String (smut. Göntents) 7 

SS, let mut sum = 0, 

6 for c in contents. lines i)i 

7 let n: 132 = c.parseé::«132»(1)2; 

8 sum += n, 


9. ) 
LB) a Ok (sum) 
Lie d 


O00009-2600000000000tryd 00000 000000000000 0000000 
A A 

TOptioniTITITHResultTITEM 

UI İİ rua III Jon ao TTTİTİTİTİTİTİTİTİLİTİLİ 
010000009-27000 

00009-2700mainf[100000000000 


1. let args: Vec<String> = env::args().collect(); 
2. let filename = &args[1]; 
cE println!("In file ()", filename); 


LILILILI119-2 71İLİLİLenvlillargstİLİİİLİİİİTİİİ İLİ İLİLİLİLİLİLİLİLİLİLİLİİİLİİİ 
argsi DB İLİ İLİLİTİLİLİİLİLİİLİLİLİLİLİLİİLİLİLİLİ 000000000000 maint] 
LİLİLİLİLİLİLİTLİİLİTLİİLİTİL. 

LErenvtirtiargsHnth DE D Ion DEDICO pcena TİTUL 
00009-28001 


00009-28000nth[[00mainf[] 


d. 
er 


10% 
Ld. 
12% 


— OY GI A GQ N P 


fn main() { 

let filename = env::args().nth(1), 
match run(filename) { 

Ok(n) => { 

Eranın.” mi; 
by 
Err(e) => { 
println! ("main error: í)", e); 


process::exit(1), 


) 


00000 9-28 0000 nth OOOOOOOOOOO 1 HELELLLLULLenvlTili 
args İİ CHOO Some String WITT ON onel 11] 
HüilenamellOptionl1StringliUlLLİilenamelllirunliULu 


HOU run TT İTTİLİİİLİLİLİLİİLİİ9- 2 9000 
00009-290000000 


© CO — Oy En 15 Ww Bei P 
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NO 
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00 N 


use std::option::NoneError; 
[derive (Debug) ] 
enam Clikrror í 
NoneError(NoneError), 
) 
impl fmtisbisplay for Clibrroer | 
fn imt (&self, f: &mut fmt::Formatter) 
match ”self { 
CliError::NoneError(ref err) => 


write!(f, "Command args error: 


} 
impl Error for ClIiBError 1 
fn description (&self) -> &str | 
match “seli { 


CliError::NoneError(ref err) => 


) 
fn cause(&self) -> Option<&Error> { 
match *self | 


} 
impl From<NoneError> for CliError { 
fr from(terr: NoneError) => Glibrror | 


CliError::NoneError (err) 


} 


-> mt: :Result í 


Ek, err), 


"Notieb5rror", 


fn run(filename: Option<String>) -> ParseResult<i32> ( 


let mut file — File::open(filename?)?; 


000009-2 ƏLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİULİLİLİLİULİİ 


Hos Haruni TİLELLİLİLOPptionl Stringl]0000000S6e0000 
LIHLLLLLLİLİLİLULfilenamefTlOptionliStringTiLiLİULLRLLİLLEtrylLL 
0000 Option [String 000Result [TO NoneFrror[1000000000 


0000000 OptionlString] UDO From [II 
NoneError| |[[0CLError[]0000300340000 


00053502200000CLEcrror[ 0000000 NoneErr[]NoneErrorf[ [[] 
0000000] use[Ostd[] option] NoneFrror[]000000Display[] 
Error match IN ClErrorQQUUU0UUmatchQOQUUOUUU0UUU00 
std[]|]Joption[|][] NoneError[][][]|]]|»Error trait[] 

00000 Option TODOOODO A A 00000000000000000 
[[[][feature[|try trait|[]] 0000000000000000000000000000000 
LİLİLİLİTİTİTİTİİTİTİİ 

main! ||| Result 

[Rust 2018 DN OO O maini (00ResultfT0EOO0OOOOOOOOODO 
9-29(10000mainf1000000000009-50000 

0009-30 MHH maini (000Rust 201800 


La in maini) -> Result<!), x32» 4 

Z let filename = env: :args().nth(1); 
S match run(filename) { 

4. Ok (n) => 4 

D Prec Mia se DIS 

6 return Okt(); 

7 by 

8 Err(e) => { 

I return Err(1), 


Er } 
LZ. Jj 


000009-30000mainf[J00Result]000i520000000000000000 
00*00000000000000OstdiOprocessf || Terminatio ni []trait[] 


HE Emain[]EDE Result TO EDDHBDBUOBBUBBEBBEBEIbeelrp] 
never JEU trait | 


00009-3000000000000000A 
$ ./io option test txt 
6 
$ ./io option test txt1 


Error: 1 


LİLİLİLİLİİLTİLİLİLİLİLİLİLİ TL İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL 00000000 


UNLUNUNU NUN al LE Res ut] Ta ERA 
LİLİLİLİLİLİ 


000000Otrait 
00000000traitt]stdi]]ops(llTry(100009-300000000 
LLİTİ19-311istdiTlopsiliTry 00 


l “DUD trare Try 4 

2 type Ok; 

3 type Error; 

4. LH Anto ,esulc (sell) => BesultssSelrt:t0k, Geli. +Error>, 
5 Ln LTONTLOLUV. SELI BELLOS) => Sell; 

6 Ln Trom Ek e eir) => Belt! 

7 ) 


00000 9-31 000 Try trait 0(000000000 Ok O Error In JL 
into result rom error |] from ok[]10100000 Option] fTULL Try 0] 


000000009-32000 
00009-3200Option[|T i 0stdf ops Try 000 


1. 1] LST> ODS i TE/ for Optromerr | 

2 type Ok = T, 

3 type Error = NoneError; 

4 fn into result (self) -> Result<T, NoneError» | 
SS, Self.ok or(Nonebrror) 

6 ) 

7 rn irom DEL IL) — Belt i 

8. Some (v) 

zü ) 

Lü. fn from error, x NoneError) => Self | 
Lis None 


12. ) 
LS. J 


00000 9-32 (000000 into result (0000 ok or [O Option[TIT] 
OOO Result[]T [] NoneError[][]l] from ok [] from error DOOL 
Result[|T[]NoneErrorT[][][]]]DOption[TIT][] 


9.4 [|| IPanicl|| 


[LiRust[ILL IILI IILI LIL IULILILILUithread[iiispawnlili(I[! 
000000000000000000000000000000 Result THEN 


Rust]00000000000000000C++000C++0000throwtl00000 
OOOOtry/catch1]01100000000000000000000000000000Bug0000 
000000000C++000000000000000000Exception Safety! [| 


LİLİLİLİİ İLİLİİ TLİ İLİLİLİL İL İLİLİL DUDU 
LİLİLİLİL İF İLİLİİ TLİ İLİLİLİİ İT A 
LİLİLİLİL İLİLİL İL İİ İLİ İLİ İLİLİLİLİL İLİ İLİ İLİLİİ İLİTİLİİLİLİLİLİL? 


A + ETİTRALI OL 
000000000000000000 HStack Unwind [110000000000000000 
LİLİLİLİLİLİLİLİLİLİLİL İL İLİLİLİLİLİLİLİL İTLİLİLİTİLLİLİLİRusti İLİLİLİLİLİLİLİLLİ RAT TTE] 
ULULULULULULULU LULU LULU ULU ULU Rusth 
C+ “LİLİLLLİLİLERusti İİTİLİLİLİLİLİLİLİLİİLİLİLİLİC + +I IILI III! 
LİLİLİLİRALII TT LİİLİLİLİLİLİLİİİLİLİ 


(us TTT IPanic Safety] [III III Rust IT 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİTİLİLİİLİLİİN onefiLlunvvrapl İTİLİLİTOLİİLİLİLİ 
0000Safe Rust00000000Rust0000000UnwindSatfe Tram! 
000000000000000000Unsate Rust (0000000000Rust000000 
000000013000000Unsate Rust DL 


Rust[][]][| catch unwind IIIA Rusha 
[Q catch unwind FJ UQOUUUUUUUUUUUUUUUUUUUUUUUUUUUU 
UnvvindSafe [1000000000000000000catch unvvindilRustTiLLu 
O0OOcatch unwind[]0000000000000Ocatch unwind[]0000000 
0100000000000000trait100000000000catch unwindf]00000000 
00000000000000abort01000000000000000000000000000 
00009-33000 catch unwindf]100000 
00009-33[catch unwind[000 
use std::panic; 
in sumlaı 132, br 132) > 1321 

a tb 
| 
fn main() ( 

let result = panicy:cateh unwind(|] 1 printin)["helloi")g& 1); 

assertitresult.rs ok 017 

let result, = Sit SIS umwingdi]| i parte! ("en mol); 415 


“Bs ran. Le ELE JJ > 


HP © OO cl <a ql de GO Do E 


¿y printini(*i]", sumil, ii: 
le Jj 

000009-3300000600catch unwind[]000000000000000000 
LİLİLİİLİLİTİLİLİİİLİL. 

HOOU8 UU catch_unwind [][] HB BD OU panico00000000 
catch_unwind NODO DO 0d dd dd dd 0d 000090001 OQ 000000000000 
LİLİ 


thread "main" panicked at "oh nol", src/main.rs:11:8 
note: Run with RUST BACKTRACE-1 for a backtrace. 
“ə nən standard output 


LİLİLİLİİ İLİLİİ ODO DO DO OOO İLİT İLİ İLİLİT İLİ OOO İLİTİLİLİLİLİLİLİLİLİL. 
O0OOstd[ panic! [set hook (11010000000000000000000000 
0100009-34000 


00009-34000set hook | 


1. use std::panic; 
2 fn. sumla; LZ, By 134) “€ 1321 
3 a tb 

də 9 

de ih Main() 1 
6 let result = paniez:catch unwind(|| | prantln! ("hellol")? 1); 
7 assert! (result.is ok); 

8 

9 


panic::set hook(Box::nev(lpanic infol ( 


if let Some(location) = panic info.location() { 
10. printini ("panic occurred "cht at 17", 
ll location.file(), location.line() 
12, ); 
13, ) else { 
14. printini("can"t get location information..«."); 
15, | 
16. III 
Li. ler. result = panici icatek oe) [f panicl("oh hel”); ki? 
Lë, assert, (result.1s err()); 
19, pronmseilpii"il", sumtl, 2)) i 
20. } 


000009-34000set book! 000000000000801 60000000000 
panic infof]location[]]11000000000000000000000 
hello! 
panic occurred "src/main.rs" at 18 
3 


000000O0set hook DB 
take hook[]10000100000000000 


9.5 0000 


Rustl 1 İLİTLİLTİLİTİLİ İTİTİTİLİİLİT Error iU IILI IILI IU! 
LİLİLİLİLİLİTİLİLİT NU LU İTİL IE Rust HUUU HU era te E OTI 
HLerror-chaini lfailurellLİLMLİLLMLMUULLfTailurell 


00000tailure[]0100000000000000000000000000000000000 
UUUUUcargo new ii TLİ? 


$ cargo nev failure crate 


HUOO IRusti LIU ICargollii i II OHOOO Cargo HOHO 
LİLİLİLİLİLİLİLİLİLİİLİİBinİ [| 


00000 failure crate (000000 cargo tom) (000000000000 
9-35LLu 
00009-350cargo.toml[ Tl 
1. [dependencies] 
2. Tàilüreé-t10.1.2" 
3. failure derive="0.1.2" 
(| cargo.toml (00000000 failure | failure derive[]00000 
failure derivel lU 


00O0src/main.rs00000000000000000009-36000 
00009-360src/main.rs[]0000000 


L extern crate failure; 

2 [macro use] extern crate failure derive; 
.: use failure::(Context, Fail, Backtrace}; 
4 use std::env; 

5 uze Stdr:fs::Flile; 


6. use std::10::prelude::*; 


00000 9-36 (000 failure |] failure derive (00000010 
failure [[1[00Contextf]Faill]Backtrace[]00000000000000000000 


0000Errorf]000ErrorKindf]1000000000000009-37000 
LHEIE[]9 -3 7L] ]src/main.rs|[][] Error| |ErrorKind 
1. d [derive (Debug) ] 
pub struct Error | 
inner: Context<ErrorKind>, 


zZ 
3 
4 } 

5.  #[derive (Debug, Fail)] 
6 

7 

8 


pub enum ErrorKind { 


t [fail (display = "IoError")] 

ro (T7Lloauseli 3148318: Error); 
o, # [fail (display = "ParseError") ] 
LO, Parse (# [cause] std: :num: :ParselntError), 
IT, // Sağ) Error FX 


tailure[111001000000000000000000000000000000 
* LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİL İLİTİLİLİLİİİLİLİ 

* LİLİLİLİLİLİLİİ İLİLİL İL İT İLİ İLİ İLİLİLİL İLİLİİ? 
 OUO0Errort]100000000000000 0000000 


 Error[]ErrorKind[]0000000000ErrorKind(00000000000 
0000000000000000 


01000000000000000000000000Errort]ErrorKind[]0000000 
0109-370000000Error]00000OHinnerJOOOOOOOOOOOOOOOOOOOUDUD 
0000ErrorKindf]0000000000 


failure [110100000000000000000000000000 failuref][]Fail 
trait[)]01000000std[Oerrorf][] Error tratP 000000000000 
failuref[|[]Errorf]100100000000Fail110000000000000000000000 
00000000Fail000000000000000tailuref | ]Errorf] 


00000000Fail traitf]0000tailuref][OO0derive(]0000000009- 
37 000000 Fail (00000000000000 Display1]00000 7 000 2000 
tailure[]11000000000000O0Display(JO0O0OLcausel00000000000000 
LİLİLİLİLİLİİ? 


Fail traitf]Send[]Sync[100000000000000000000000staticf[] 
UULLULULLFaiiTLULtraitHLLİLİULLULULLLULLLULULDisplayliDebugsli 
00000000000000000000 Fail traitlililiucauselibacktraceHlliLiULi 
00000000000000000 Fail trait1000000000 Error Graf TU 
000000000 


0000Errorf]FailfDisplayf]000009-58000 
00009-38[0src/main.rs[ | Error| |]Fail| Display 


L. pi Fall Tor EELSE | 

2 fn cause (&self) -> Option<&Fail> { 

3 self.inner.cause() 

4 | 

S. fn backtrace (&self) -> Option<&Backtrace> { 
6 self.inner.backtrace() 

1 | 

9. ) 

9. iInpl std: <fmt.<:;Display for Error 1 

AR, fn fmt(&self, f: &mut std::fmt::Formatter) -> std::fmt::Result ( 
biş std::fmt::Display::fmt(&self.inner, f) 
12; } 

1a. 1 


HHULU9-38FHErrorHuLFailHLULM causeHbacktraceHULULULM 
innerl1lİLEHLLELULULLLLİnnerliHlillErrorKindliHULLUULLUUULLULLU 
failure[11010000000000causeftlbacktracef]11000000 

0000000Errorf]JFromf]00000009-59000 

00009-39[0src/main.rs[ HErroriTFromillu 


1. mpi. Froncstd.:io:iErrOor for Error | 

Ž tn tromlerr: std: Los Error) => Error | 

3 Error 1 

4. inner: Context: :new ( 

5 ErrorKind::Io(err, Backtrace::default() ) 
6 ) 

7 ) 

8 ) 


Bs 7 
Lü. ml Fromsstdz : num: sfarselntError> tor Error | 

EL fn from(err: std::num::ParselntError) -> Error { 

12. Error { inner: Context::new(ErrorKind::Parse(err)) | 
ECH 

l4. | 

15. type ParseResult<i32> = Result<i32, Error»; 


000009-390000From[JError[]0000std[]0io[]0Error[]std[][] 
num||||ParselntError| ][][][] 

0000 type 00000000 ParseResultf]i32[10000000000000000 
000Error(100000000000000000000 Fail trait]00000000000000 
000000000000000000000000O0tailure crater T] 

failure OOOH 
LiLiLlfailureTlHULULLLULELLLLLLLLULLLLİLİLİLİLİİTLLİLİ 


9.6 [T] 


DEIEIDBIEIDEIEID OIL D Rus HUUU 


Rust TUTE "0000000000000 
NULNULNUNULU Rust HAO 00000000000 UI 
000000000000“00000Fast Fail[)”0000000Bug110000000000000 
LtiTillassertİllİfilİ it DE DELE EL OLD HE DL ELLE ELE ELE EL CE EE CT 1 CT] 
debug assert[][]|]assert[][][] 


Rust TTT 
Option[]TIi[IResultiTIUIEII I III IILI ILIOptionI III LI I 
Lİ” UD DIOU Result THEO 
LİLİLİLİLİLİLİİLİLİL İİ nu nu nu un yu Rustuglh 
ResultiTİTİELİİLULLLİLLİLELLLLRustlİLLLlcateh unwindi NDOO 
LİLİLİLİL İLİLİLİL İLİLİİ İİİ İİLİİLİLİLİ? 


RustlİLLİİLİLİLİLİİLİLİLİLİResultiTİTİELİİLLİİELLLİLEULLLİLELLLL 
LİLİLİLİLİLİLİLİLİLİLİL? 


ULULELHLELLRL LL Rus CE] HE HL EL BL ELE HL ELDLHLELBE ELE BL ET 
error chain[]failure[]Jerror chainl İULLUUULUUUULMULLUULLLLULLU 
(failure[10000000000000Error(]10000000000Rust00000000000 
0000000failuref] 

10000 Rust 000000000000000000000000000000000000001 
00000000000000000000Rust100000000000000000000000000 
LİLİ 


11100 00000 


III III 


LİLİLİLİİ İLİLİİ İL İİ İLİLİLİL İLİLİLİL İL İLİLİ İLİ İL İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
0000000000000000000 GitHub 0000000000000000000000000 
0000000000 GitHub 0000000000000000000000000000000000 
LİLİLİLİL İL İLİLİİ TİL İLİLİLİL İT İLİ İLİLİL İİ İTİİLİL İT İLİ İLİLİL İT İLİ LİLİT İT İLİLİLİLİT İTİL İTİLİLİLİ 
LİLİLİLİTİLİLİTİ LİLİT İİLİTİİİ 


LİLİLİL İLİ İL İLİLİİ TT İT O ODO DO ODO İL İTİLİLİL İLİ İTİLİLİT İLİLİTİLİLİ TİTLİYİL LI 
LİLİLİLİL İF İLİLİL İİİ İLİLİLİİ TİİLİLİLİLİL TİL İİTİLİL İT İL İİLİLİT İT İLİLİLİLİL İT İLİ İLİLİT İLİ İTİLİLİLİ 
LİLİLİL İLİ İLİLİL İİİ İLİLİLİLİ İL İLİLİLİL İTİL İT İİLİL İT İL İİİLİT İT İLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİLİL. 


- LİLİLİLİLİ EİLİLİL İLİ İİİ İLİ İLİLİLİLİ İL İLİLİT İLİLİLİLİL İT İLİLİİLİYİLİ 
- LUG TİLİLİLİLİ İLİ İLİ İLİLİT İİ İT İLİ İLİLİLİLİLİL LİLİT? 
- LİLİLİLİ TİLİLİLİLİLİL İLİ İL İLİ İLİTİLİLİTİL. 


DOBOOO OO Dd 000000000000 ca 
C+ + O0D0000 000000000000 Ruby HAHAHA Module 
Python1]1000000000000000000000000JavasScriptHH000000000 
000000000ES eDIEITIDEIEIEIEIEU ava DETTO DIEI DECIDE CEU ARIILIL 
00000000 ava S000000000000000000000000O00A 


000000000000000000000000000000000000000000000000 
000000000000000000000000000000000000000000000000000 
00000000000000000000 000000000000000000000000000000 
000000000000000000000000000000000000000000000000000 
00000000000000000000000000000000000000Linux[]OOrpmfl 
yum [apt 00 000000 Ruby | RubyGems (| Python [] pip 001 
JavaScript||npm|] 

Rust(000000000000000000000Rust000000000Cargo QOL 
0000crate [|Rust[ OHOOO OO GitHub ANAO 
Cargo[]rates.io[]1 1 


10.1 000 


LİLİLİLİLİLİ İLİLİLİLİLİTİLİLİRusit İLİ İLİLİLİLİLİLİLİLİLİLİcratelİ RustQQ0000 
ILIICargolil IL ILICargolliii II II LI ICargollii i I III L 


` HULLELLELmetadatarilILİLLLİLLİLİLİLİİ 
* LİLİLİLİLİLİLİLİLİLİ İTİL. 

* LİLİLİLİLİLİLİLİ İrustcl İl İİİ III III 

: URustiİLİLİ İLİLİLİLİLİ İLİLİTİLİLİİLİL 

: UN Cargo İTİLLİİLTİLİİLİİİLİ 


10.1.1 [Cargo İİ 


cargo new[]0000csv-read[] 


S cargo new csv-read --lib 


Created library csv-read project 


LİLİLİLİİ İtreellİ İİ III III 


S tree csv-read 
CSV-read 


— Cargo.toml 
L— src 


L lib.rs 
000000000Cargo.toml[]src/lib.rs(]00Cargo.toml[]0000000 


OO0TOML Uu HÀ DO00TOMLOOODOOOOOOOOOOOODOOOODTOML 
000000000000000000000000000000000000000000Cargo.toml 
000000000000Cargo.tomlil00000000010-1.000000 


000010-1[Cargo.toml[ |[ |[ | 


U A wW N m 


6 


[package] 

name = "csv-read" 

= Ua LU 

authors = ["Your Name <you@email.com>"] 
edition = "2018" 


[dependencies] 


version 


LILIL10-111111Cargo.tomillililillmanifestlILİLİLİLİİLİLİİLLİLL 
0000000000000010500000000000000000“csv-read”[ 


(Rust 1.300000000000 crate[]0O0Oedition (00000000 
“2018 "000000 crate[]] Rust 2018 PO000000000000000 
“2015”HHRust 2015 00 0 


00O0src/lib.rs0100000000000010-2000 
TLLL10-211src/lib.rsi TİLLİ 


1. #[cfg(test) | 


2 mod tests { 

3 t [test] 

4. fn it vorks() | 

Ə assert eg! (2 + 2, 4), 
6 } 

7 } 


0src/lib.rs11000000tests0J000Rust00000Omod 0000000 
cig[]test(]100000000000000000000cargo test 0000000000 
tests(]000000000000it works(000000000000000Ocargo test] 
LİLİLİLİLİLİLİLİ İTİLİ LİLİT. 


Compiling csv-read v0.1.0 (file:///LocalPath/to/csv-read) 
Finished dev [unoptimized + debuginfo] target(s) in 0.78 secs 
Running target/debug/deps/csv read-1716337329e24fc6 

running 1 test 

LBSL "CERS iit WORKS sus UK 

test result: 

ok. 1 passed; 0 failed; 0 ignored; 0 measured; O filtered out 

Doc-tests csv-read 

running 0 tests 

test result: 


Ok. 0 passed; 0 failed; 0 ignored; Ü measured; 0 filtered out 


LIO DEEItestsD hit works dbi ok.1 passed" D] iiic] 
LİLİLİTİİDoc-testsl İTİ LİTİTLİİLİLİRusti ITT 
III 


LİLİLİLİ İtreetli 1 II III III 


—— Gargoi lock 
— Cargo, tom 


— mI 


| L— lib.rs 
a target 
= e e € 
000000000Cargo.lock [target VTT oroo Jockt III 
NDOO Cargo. tool III 


: Cargo.toml [1111000000000000000000000000000000000 
: Cargo.lock Lİ TİİLİİLİİLİİLİLLİLLİLİLİLİLİİLİCargolİTİİTİLLİ 


targetllLİyİLİLLİLİLİLİLİLİLİLİLİLİLİİİLLİLİLLLLİDebuq 00000000000 
010000000000000000000000000000000000--release (1100000 
LİLİLİLİL İLİLİL İİİ İLİ İLİ İLİ İİİ İLİ İLİ İLİLİL İT İİİ İLİTİLİLİL İLİLİLİİLİYİLİ 


cargo new [III IILI IILI iii DO İLİ LL LL 
00000000000000000000000000000000000--bin 000 


$ cargo nev --bin csv-read 


Created binary (application) csv-read project 


[]--bim [|[ | ILILI II ILILILILILILIL IILI reel OTT 
LİLİLİLİLİLİİ 
$ tree csv-read 


csv-read 


—— Cargo.toml 
L— src 


L— main.rs 


000000000src00O0O0main.rs(]00000010-s0O0O0main.rs(]00000 


LİLİ 
LLULL10-3Tisrc/main-rsi 000 
Es £n maini 1 
2. println! ("Hello, world!"); 
CP ) 


man cl IILI aal ID 
HUUcargo build(11000000000000000000000000000000000 
cargo run) HUUU 
$ cargo run 

Compiling csv-read v0.1.0 (file:///LocalPath/to/csv-replace) 
Finished dev [unoptimized + debuginfol target(s) in 1.35 secs 

Running target/debug/csv-read 

Hello, world! 


10.1.2 100000 


HBBBBEBEBBHBEBEBEEHE Rust HHLHHTEELEULREELEULL 
Cargo.toml[][][Idependencies] [100000000000 
LILILILILILILILILILIcsv-readil İLİLİlinked-listfifiHLLLL10-A4TİLL | 
ULLU10-411HHCargo.tomli j J| || ]||linked-list, || | 
1. [dependencies] 
2. linked-list = "0.0.3" 


HULsrce/main.rsi isrc/lib.rsT IHLLULMUextern crate[]000000000 
0000000010-s000 


HLL.UL10-51HLsrc/main-rsi [00 0extern crate[]]00000000 


Ls extern crate Linked list? 

Za fn main() { 

2: printin!("Helle; world!"); 

4. ) 

0000010->00000100D extern crate [1 Bb Rust 


201 5QUUUUUURust 2018 Tİ  TİTİLİLİLLİLextern crate UU 
Cargo.tomlİTİTTTİTT 


000000000000extern crate İTİULLLLİnked Jet 
“ *000Cargo.toml1000000“-*00000000000Cargol000000000 
000000000000000 Hin ke d Hist[]Hinked list ITT! 


Rust DHL -rs "D. rs" 0U0UUUUUUUUUUUUUUUUUUUUUUOUUOUL 
LİLİLİLİL ODO İLİ İLİLİLİLİ İİ İLİ İLİ İLİLİLİ İT OOOO ODO İLİ LİL 


LİLİİLİ regex! | 


Rust] U000000000000000000000000000000Oregex 0000 
cargo new--bin use regex[]100000000000 0 Cargo.tomiTLUuLu 
regexlİİTİLİİ110-6111) 


ULLUT0-6111(Cargo.tomili İiLlLiregexil J|] 


d [dependencies] 


2. regex € "1.0.5" 


OOregex[]000001.0.500000src/main-rs[]000O0extern crate[] 
000O0regex100000010-7000 


000010-700src/main.rs[ [II] | regel 


1. extern crate regex; 

2 use regex: :Regex; 

3 const TO SEARCH: &"static str = " 

4. On 2017-12-31, happy. On 2018-01-01, New Year. 
5 ". 

6 

7 

8 


fn main() { 


let re = Regex: :new(r" (\d{4})-(\d{2})-(\d{2})").unwrap(); 
Lor Gaps 11 re.captures iter(TO SEARCH) | 

B. DELEA (carı TT, momen: TI, days TF", 

Lü, caps.get (1) «unwrap() as str(), 

Lis caps.get (2) «unwrap() «as str(), 

12. Gas 36113) <UAWEADI) „de Str) E? 

13. ) 


14. ) 


Ll icargo run[| UUU 
year: 2017, month: 12, day: 31 
year: 2018, month: 01, day: Ol 


00000 10-7 (0000 extern crate regex DODO regex 100000 
use regexlillRegexliİl 1 TİTİTTİTİTİİTİTİİTİTTİLİTTuse regexlİTİİ1Reg 
ex[| II ZO! 

Q0000 use DIBIBBBBBBIBIEIIE] regexi NRegez | ne wt JEDE TETTE] 
IO 

HOU 7 uiiuiupiuiuuuuugmumurem uem 
captures iter İİTİTİTİİİİLİİİTTTO SEARCH(0000000000O00O 
LİLİLİLİLİLİLİ LİL TETTE 00D 0000 00000000000 

regex DODO OD 0 0 0d 000000000000 look-around[] (0000 
Ibackreference[] 00000 regex 000000000000000000000000 
[| jReDos [110700000000000000000000fancy-regex TT) 


regex I00000000000010-8000 
100010-80000000000 


. fn main() ( 
let re = Regex::nev(r"(?x) 
?P<year>\d{4}) # the year 


1 

2 

3 ( 

4. e 

B. (?P<month>\d{2}) # the month 
6 E 

7 (?P<day>\d{2}) if the day 

8 


").unwrap(); 
yA let caps = re.captures ("2018-01-01") .unwrap () ; 
10. assert eq! ("2016", &caps["year"]); 
Lis assert eqli (”01”, &caps["month"]); 
12; assert eqi "Ül", &oaps["day"]); 
13. let after = re.replace all("2018-01-01", "Šmonth/Šday/Šyear") ; 
14. assert eq! (after, "01/01/2018") ; 


15. ] 

0000010-8000002080000Regexl [Ilnew1]0000000000x004 
LİLİLİLİLİİ İLİ İ DAD A bx regex İİ İLİ II IILI II HII! 

-i 00000000000 

amp DEDICO "0" $ 00000000 

SU 00000" Na 

: UL UU sx" 

“ul 00u00000Unicodef 000000 

x [000000000000°0°0000 

01000000010-50000002080000000000O0000O0O00O0O0OOHwWUWwOUWUDODU 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİPLİnamellexpt TI III IILI II 

Ho 9r Ucapturesl UI Hasha pi UI 
LLELFashMapiiLİLULİLUİİLİLİLİLİLİLİLİLİİ100111 ZOU D caps uu 
LİLİLİLİİ İTLİ 

00013000140000replace ali[00000000000000000000000 
100°$°000000000000000 

regexlİlİİİİİİLİTİİTİTİİTİLİTİİTİLİTİİLİTİ. 


0000000lazy static) 


JODO 00D 000 00000000000 Rust [DIODBEBULDUUULDL 
(Constant | [] DD Static] (00000000000000 


- 00000000000000000000000000000000HashMapflVector 
HU 


“ UO! 

“ LİLİLİLİLİLİİLİLİLİLİLİL İTLİ 0000000000000 

 100000000000 Unsate ell III 

: III Sync0]0000000 
LİLİLİLİLİLİLİİLİLİİ 

“III 

LİLİLİLİL İL İLİ OD O İTİL İTLİ İTLİ İTLİ 00000000000000 L 
00000000000000000000000000000HashMaptfIVectorf]000000 
00000000000000000000000000000lazy.  staticlli 

lazy static000000000000000000000000000000 LIL 
[]lazy(] []]] Cargo.toml[][][llazy static]Q 000001 0-9000 

HULLM10-911MCargo.tomili Tillazy static[ [[] 

1. [dependencies] 


2. regex = "1.0.5" 
da. dazytatıc€ "L.1.0^ 


Op use regexNUU(lazy static [1L] L] E] L] L] src/main.rs [] [1 [I 
extern crate[]lazy static[]00000010-10000 


1000 10-10[[ 0 src/main.rs [][][][][] extern crate |||] 
lazy static[] 


mlmacro use] extern crate lazy static; 
extern crate regex; 


use regex::Hegex; 


static ref RE: Regex = Regex: :new(r" (?x) 
(?P<year>\d{4})- f the year 
(?P<month>\d{2})- # the month 


1 
2 
3 
A, lazy Static! | 
5 
6 
7 
8 (?P<day>\d{2}) # the day 


9. ").unwrap(); 

10. static ref EMAIL RE: Regex = Regex: snew(r" (?x) 

LT, "wt (?:gmail|163|qq)\.(?:com|cn|com\.cn|net) $ 

ld; ") ,unwrap L) ; 

13. J 

lâ, fn regex date(text; &str) -=> regex: ¡Captures | 

13; RE.captures (text) .unwrap () 

Les. J 

li. İh Pégex Small (text: gali) > Bool 1 

18, EMAIL RE.is match (text) 

195 J 

20. fn main() ( 

a, LƏL Gaps = regex date("Z2015-01-01") ; 

22. assert eg, ("2018", &caps["year"]); 

AT assert eq! ("01", &caps["month"]); 

24. assert eq!("01", &caps["day"]); 

25. let after = RE.replace all("2018-01-01", "Smonth/Sday/Syear") ; 
26. assert eq! (after, "01/01/2018"); 

Zl. assert! (regex email ("alex@gmail.com"), true); 
20. assert eq! (regex email ("alex@gmail.cn.com"), false); 
20: 


UNUN10-10YRust 2015 0000001000000 (macro use] 
extern crate lazy static 1111111111 lazy static 100010 


lazy static[]000lmacro use İLliHextern crate lazy static] III 
[ILL [macro use]000000000000000000000000ORust 2018 [1] 


extern crate[]10000000000O0lmacro use] (100000000000010 
002000000 

00040130000lazy static bbb REDEMAILE REDO 
LİLİLİLİLİLİL İL İİİ İİİ İİ İT İLİ İLİLİLİLİLİLİLİLİLİL İİ İT İTİTİT İL İL İL İLİTİYİLİLİLİLİLİLİL İLİ Tİ? 
LİLİLİLİL İF İLİLİİ İİİ İL İLİLİİ İT İLİ İLİLİL İTİL İTİLİLİL İT İLİ İLİLİL İT İLİLİLİLİL İTİL İLİLİT İLİ İTİLİLİLİ 
OUT 

000140190000000regex dateliregex ema TTT 
[L maini ITT 


LILILILLILLILLINLHashMapiİİİLLazy stad 


000Ocargo nevv--bin static hashmap [0000000000 
Cargo.tomi [|[][]lazy static[]00000src/main.rs0000000010-11 
LİLL) 

000010-11070700000static hashmap! İilisrc/mainirsi İl 


26. 
ala 


+ [Macro use]extern crate lazy static; 
mod static kv { 
use std::collections::HashMap; 
use std::sync::RwLock; 
pub const NF: &'static str = "not found"; 
lazy static! | 
pub static ref MAP: HashMap<u32, &'static str? = ( 
let mut m = HashMap: :new() ; 
Ti. 1RSeYZt CU, "IToo"); 
m 
J; 
pub static ref MAP MUT: RwLock<HashMap<u32, &'static str>> 
{ 
let mut m = HashMap: :new (); 
m.insert (0, "bar"); 
RwLock: :nev (m) 


Fİ 


| 
fn read kv() ( 
let Fel m = státie EV? MAP; 
assert eql("foo", *m.get(&0).unwrap or(&static kv::NF)); 
assert eqi (static kv::NF, 
*m.get (81) .unwrap or(&static kv::NF)); 
| 
fn rw mut kv() -> Result<(), String? { 
{ 


Ağ Let, m = Static KVSIMAP MUT 

29. "read () map err(|e| e,to string())?; 

30: assert eql("bar", *m.get (40) .unwrap or (&static kv::NF)); 
24 x ) 

“ə { 

33; let. mut m = static kw: ¿MAP MUT 

34. ¿Write map erriləl esto string)? 

35; m. Insert (1, "Hazi 

36. } 

als Ok (()) 

328a 4 

39, fn maini) | 

40. read kv(); 

41. match rw mut kv() | 

42. OL => 1 

43. lert n = SUHLIO KUMAB MUI 

44, ,»Tead() map err(lél 6.tö strlng()).unwrapl)j 
45. assert eg! ("baz", *m.get (61) «unwrap or(&statie kv::NE)); 
46. by 

4]; Err(e) => {println! ("Error {}", e)}, 

48. } 

49. ) 


0000 10-11000001 00000000 [macro use] extern crate 
lazy static[]|]]][|lazy static HOHO 

00020190000modf(0000O0static kv(]010000Rust0000000000 
0000000000000static kv(]0100000000000000000000000000000 
00000000000pub (00000000000A 

000000s0004000O0uselOOstdflOcollectionsf|stdf TisynctiLl1i 
000000HashMapl]RwLock[|000static Ev 

00050000pub const[ Ip bp p p N FBBBBBBUBBEBBBBEUIE] 
0000000000000000000000000static hashi NF] 

00060180000lazy. staticlilHULULLLULLLUMAPIMAP MUTI 
ULNUNUNUHashMaplUUUHashMapjllazy static[]010000000000 


10-1210 
000010-12[llazy_static WII 


le Janay Static: 4 
[pus] static ret NAME lf TYPE 1 
ipübl static ref NAME 2: TYPE 2 


EXPR 1; 
EXPR 2; 


Oi BEN 


[pub] static ref NAME N: TYPE N = EXPR N; 
Gs ) 


[I Lllazy_static[]I IILI III LIL ILI LIL ILILILILI IL IL 


0000001 0-1 100000704 1ETBOIDICIDCDUDUOUU UH a sRM a pETETETETLI 
OO00OMAPOO0000000000000°+00fool]+” 


0001201700000000000000RwLock[]HashMapl hu ziel 
static SITTUTUDTTUMAD MUTOOOOOOOOORwLockll00 000 
HashMap0l00000000000O0UOHashMapflll]HashMapl0000 
SyncllUHashMapl]1000000000000000000000HashMapll0000 
0000000000Metux [00000 HashMapfll0000000 


 RwLockl]100000000000000000000000000000000000000 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İİİ İİ DO O DO İLİ İLİLİLİLİLİT İ İLİ İLİTİLİİLİLİ 


: Metux| IILI IL IILI II IL! 


000000000000000000000000RwLock[1000000000000000 
00001 100000000000d0000 


00000000000 MAP MÜT [TODULDUUBODUCUOBCDUDUURw Lock 
RRE 


0002002500000 Iread kv[I[ J IILI LIL Istatic kv((MAPJ 
Lilistatic kv (000000000000 MAPOOOOOOOOD static KMD 
[UMAPI] 

000 21 00000 ref 0000000 static_kv00MAP 000 mpm t 
[j&static kvlİLİMAPİİTİİLİLmİİİLİİİ2 2112411TİLİLiLimİLİHİİİLİLİLLLİ 
FashMapliliLLİLİLİgetliLLİLİLİLİİ1M.APTİTİLİLİLİLİLİLİLİLİLİLİg et UU 
HashMaplll00000000000000000 get 00000 Option III IILI I 
000000000 Nene papi did DU Leestatie kvp iN PODULDU 


0000000000000*m! £010000000000008T 00000000000000000 
LİLLİ 

00102605800000rw. mut kvtİLLLLLLLİTTİResulti pol String! 
UHLREULLULEULLLLİ static kv[]]]]MAP MUT UDO 
RwLock[]HashMap[]u32[]&[]static str[]|]]nnRwLockI[]LULLLULIread 
write ITU! 

000000rw mut kv KOO read write (000000000270 
3100000052056111000000000000000000000000000000000000 
0000000 Rust RATA OOOO O ODO 0 0 000000000000 

0000000000000000000Rust0000“000Poisonf) * 00000000 
00000000000000000000000000000RwLockf]00000000000000 
010110000000000000 

[main III Iread kv[]rw mut kv[J[][]pmrw mut Ev 
Result100000000match(000OkErr1100000000000000000000 
HashMapfl1100000000000 

00000000000000 lazy static (0000000000000000000000 
[| 

- llazy_static[|[ IILI OO II O O II II III III IILI III 
LİLİ 

: D lazy staticlİHiHiNHHEULULEULELEEEELEELELELELLERLULL 
lazy_static] 1100000000 Rust 000000000000000000000000000 
0000Lrecursion limit2[]11 28L 100000000000 32000000001 281] 

0000000Rust [] CTFELIIIII III IILI LI III III 
[lazy stat II 


LİLİTLİLİLİLİTLİLİLİ 

Rust00000000000 2! 0SemVer 0000000"X.Y.Z ”0000000 
RRE 

' XIILİLİLİİİ Tmaforf HUDU 

: YLİLİLİLLİ Llminori IL IILI ILLILILILILILILI ILI IILI 

2000000 Upoatchl OOOH 


OUT TİLİLİLT” VOU 
UI 000070 


UNU Hazy static[]01000000000°1.0.0*00000000°°1.0.0°000 
000000lazy. static[]000000Cargol10000000000000000000000 


0000000°1.1.0°000000cargo build[]cargo run HOHO 
“1.1.0°00 


LİLİLİLİİ İLİLİ İLİLİLİLİTİLİLİLİ 


 0000°0 00000000000Imajort minor patoh NDOO 
LİLİLİLİLİLİ 


 0000*0 00000lmajort ]min or] ]patch NAO 

° 000000 00000 majort ]minorf]patch10001000000000 
0000 000000 Dese DUTOT 
0100000000010-134000 


000010- iyə 
= Rm FHT 
>” AMET 15 19) 


DARE ON E NM mda 
> 
Pa 
| 
V Il 
| 


LO 
> 
O 
| 
V 


R e kä kA 
w N HM O ə 
— 
+ 
ll 
dit E 
V xm C 


14. // "RSR zl 


15. #1,.2,3 se 21.2.3 “Lidl 
15. vla t=] LÜ «1.3.0 
17. «1 := >=1.0.0 «2.0.0 


18. // FIRE 
19. >= 1.2.0 
ZU. 2 
zl. X 
22. = 1.2.3 

23. // Fae SBA 
24. >= 1.2, € 1.5. 


LİLİİTLİLİLİLİİLİİİCargo 00000 ol TUTE git TİLİLLİİTİLLİLİ10- 
141111 


0000110-14000000091t 0000 


1. [dependencies] 


1 
2 
1 


2. rand = ( git = "https://github.com/rust-lang-nursery/rand" | 


0000000000000000000000000000000 static hashmaplili 
DO hello vvorldiiHlLUistatic hashmap[]Cargo.toml[]LHEL 
01000000000000010-15000 

000010-150107110path(0000hello world 


1. [dependencies] 
2. hello world = { path = "hello world", version = "0.1.0" } 


0000000010-15fO0hello world[ [static hashmapl 0000000 
(00path0000000Ostatic hashmap[]00000000000path0 000000 
00000000 Ocrates.io[]000000 


10.1.3 Cargo.tomii III | 


TOMLO0000000000000000000000Cargo0000000TOMLOOG 
000000000regex H3 00000000000010-16000regex0000000 
000010-16Cregex000000 


regex 
bench/ 

Giy 

examples/ 
regex-capi/ 
regex-debug/ 
regex-syntax/ 
SGETPES/ 

sro 

tests/ 
Cargo.toml 


Oregex[100000000000000bench[]regex-capillregex-debug 


PTT TTT itt 


| |regex-syntax{ | 


Ipackagellll 
0000 Cargo.toml (00000000000010-17 [OO regex UU 


Cargo.toml[][] package İTİN 


KO Y o OY € «5 & pa E 


t ES E gx GE Es 
CH B C fw. Lt CO 


000010-17[regex[ | Cargo.toml[ [ [package] HO 
[package] 


name = "regex" 
version = "1.0.5" #:version 
authors = ["The Rust Project Developers"] 


license = "MIT/Apache-2.0" 

readme = "README.md" 

repository = "https://github.com/rust-lang/regex" 
documentation = "https://docs.rs/regex" 


homepage = "https://github.com/rust-lang/regex" 


, description = """ 
. An implementation of regular expressions for Rust. 
. This implementation uses 


. finite automata and guarantees linear time matching on all inputs. 


Ww 


. Categories - ["text-processing"] 


[ITOMLOOOOlpackage!1000000 [Table AI package ltitllt 
0000regex0000000000000namel]0000]authors[]0000000 
[Q repository [0000 00 documentation [] [] B] HL D D] D. UI L 
[]description[][][]LE]L]L]categories[] HL] 

00000000000000000000000000000000000000000000°000 
SR 

[package İl TİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL 1 0-1 8400 SONUN 

LLLL10-1811package IT SONO 


1. "package": | 


2. "name": "regex", 
3; “version”. "1.025", 
4. / / “48 
5. "categories": (1(”text-processing”i 
6. 3 
IbadgesllTi 


LLLlregexlillCargo.tomifTfTiiililililbadgesl TİHİTİLİLİLİLL10- 
19000 


ULULL10-1911lbadgesilTii 


1. [badges] 
24 travis-ci = { repository = "rust-lang/regex" ) 
3. appveyor = ( repository = "rust-lang-libs/regex" } 


HOU 0-1 SOUL Lbadges İLİLLLİELEravis-cillappveyorfiLiii 


HULULULULULerates ioliLlLUillitravis-cillappveyorliLiLiliLiLtravis-cill 
appveyorlJ(UUUUUUUUNUUUNUUNULinux(JMac OS[DDIBBBUL 
Windows [|] J 000lbadges] 000 GitLab[]codecov (00000 
[badges JIDDE 
[workspace]|][][] 
0000Lworkspace[0000000010-20000 
ULLU10-2011Fvvorkspace ||] JL] 
1. [workspace] 


2. members = ["bench", "regex-capi", "regex-debug", "regex-syntax"] 


00000 10-20 [workspace IN0000000Workspace 000000 
HIETBEIEIH crateQUUUUUUUUUcrateYQUUUUUUUUUUregex III 
DO members 1111 bench [] regex-capi [] regex-debug [] regex- 
syntaxf0000 


0000000000000Cargo.toml0000000000000000regexl] 
Cargo.tomi [101001000000000000000000000000000000000000 
00000target00000000000000000Cargo.lock[]lf 


Idependenciesili Il 


UUULLregexllCargo.tomli TİLLLLLLdependencies [DUE] 
[10110-21000 
000010-210[dependencies][ ]][deu-dependencies]]]]] 


[dependencies] 

aho-corasick = "0.0.7" 

memchr = "2.0.2" 

thread, local = "0.5.6" 

regex-syntax = { path = "regex-syntax", version = "0.6.2" } 

utf8-ranges = "1.0.1" 

[dev-dependencies] 

lazy Static = "1" 

quickcheck = { version = "0.7", default-features = false } 
e Kand = "U.S" 


0000 [0 10-21 [I 0 1 0 [dependencies] |] |] [dev- 
dependencies] [J|] [dependencies] D dp Ep OD JLILIU I IL 
00000000000cargo build TİLLLLULİdev-dependencees İl TİLLİLİLİ 
LILILILILILILILILILILILLILILtestslLLiLiLlexampleslTLTibenchmarksifi 
ULLULLLLLTİcargo test [|cargo bench (00000 

(features IL. 


l [features] 0000000001 0-22000 
HLLL10-22171featuresli IL 


P © © € OX En da (0 FP 


© 


1. [features] 

2. default = ["use std"] 
3. use std = [] 

4. unstable = ["pattern"] 


50. pattern = |] 


LEEIEIE]E0-22 D] features] KIOO Rusi AHAA 
000000lctgi 000000000 00000000000000000000000000000 
patternJUUUUUstdQUUUU Pattern Gro Tra IL LIL ILILILIL III! 
TTT Tlunstablel II! 


000010-25[]00O0regex1000000000000 
000010-2300regex[10000tcftg100 


t [cfg (not (feature = "use std"))] 
compile error! (" use std feature is currently required to build this crate"); 


#[cfg (feature = "pattern") | 


A Co [N - 


mod pattern; 
000001 0-2 300000300000 1 cfgOfeature=[ [pattern (1 000 
00000cargo build--features ||pattern|] (0000 Cargo (0000 
Rust (00 rustc [J[]]]--cfg feature-|]pattern[|] (000000000000 
pattern || LİL Jpattern| İİ 
000100000lcfg[]notl |feature=/]use std IT) 00000000 

[cfg|]feature-[]|use std[]0] [LLL features I| 
Mib1000 
[l iregexi Cargo tom jg jb İLİ 0000000001 0-24 000 
000010-24| Hib 1000 

1. [lib] 

2. bench = false 


0000 10-24 000.4b610000000000000000000000000000000 
UU 


“name ||| |||name= []foo JJJ 0000000000 “Hbioo.a” [] 
"libfoo.so"[][] 


: crate-type 1 llilicrate-type-İHdylibliUlistaticibl HHUL(ULU 
UO!) 
: path []JUpath={[srce/lib.rs JQ QQUU0U0U0U00U0000U000 


src/lib.rs|] 

: test İİİ İtesttruell JII III III IU] 

: bench bench true KOO 

000000000000000000000000000000000000000000benchf] 
LLifalsel 

(test 000 

(ITU test 0000000000000000000000TOMLEO0O0O0O0OO0O 
000001 0-25000 

000010-250 test 1000 


[| [test] ] 

path = "tests/test default.rs" 

name = "default" 

[| [test] ] 

path = "tests/test default bytes.rs" 


name = "default-bytes" 


Ym >» W N P 


te LUIBSSE]] 
8. path = "tests/test nfa.rs" 


9. name = "nfa" 


0000010-25000000 test HELEULLULLregexlililiCargo.tomifill 
00000000 test OOOH SONDO 000001 0-26000 


000010-26)][ [test İLELLULETSONLU 


Ew A 


Gë "tests | 

ce t. "Data's hee L Manet cə” I 
4. | “Data's: "ll. s Hae". "aus ly 
2. t "Paca" Tete, “Hane =. “awe Fy 
6. ] 

də ) 


00000 test11000000000000000000000[Itest1100000000 
Lb 1000000 


İprofilelTTi | 
0000Lprofile100000000010-27000 
000010-27[ [profile 000 


1. [profile.release] 
2. debug = true 

3: [profile.bench] 
4. debug = true 

ef [profile.test] 

6 debug = true 


Cargol]000Orustc(0]000000[protile1000000000000000 
profile DELI 


00000 10-27 (000lprofile]10000000. OOOOOOOOOOOO 
İprofile.release İllprofile.bench İiprofile testİHULLULULUISONTİL 
000001 0-28000 


000010-280 [profile İTTTLLLİSONLU 


1 "profile" /( 

2 "release":( "debug": "true"), 
2. "bench":1 "debug": "true"), 

4 "test":{ "debug": "true"), 


S ) 

0000000000 Release[]Bench [] Test (000000000 Cargo TİL 
Olprofile.dev](]0Debug]00000000000000 ORelease[]Bench][] 
TestO 000000 DebugO 0 UU debugO 000000 00000000000 opt- 
Jevelt WITT eot] 


0000000000Cargo.tomlf]0000000000000000000000000 
bench[]|[]JCargo.toml[]][] 


00bench110000000010-29000 
000010-29000benchf] 0000 


bench 

— 1og/ 

I— Ste! 

I— Cargo. Tomi 

I— bul ld. rs 

I— compile 

L— run 

Bench [(0000000000000000000000000000 log 000000000 

HUOUUUUsre OU Rust KHAN Cargo.toml[]Cargo[]00000 
build.rs (Q00000 Build Scripti] (0000cargo buildQQ0000000 
DODODO DO 0000000 Rust HAAA CHOO CHEHI E I Rust 
cu00O0build.rs(]1012000000000000compile[]runf]shelll TTT 
cargo build[]cargo bench[]000000000000000 


000000benchf]Cargo.toml[]100000010-30000 
000010-30[00bench][ || |Cargo.toml 00000 


1. [package] 

2: ə. 

3; build = "build.rs" 

4. workspace € ".." 

Ja [ [bin] ] 

6. name = "regex-run-one" 
J. path = "src/main.rs" 
8. bench = false 

9. [ [bench] ] 

10. name = "bench" 

11. path = "src/bench.rs" 
12. test = false 


13. bench = true 


000010-50000000000000Cargo.toml10000000000000000 
[]regex[]|]JCargo.toml[]U]L]L]L] 

00010400 [package] [Umm buildrm]workspacerlur] 
build[100000000000000 build.rs(1010000000000000benchf]000 
UNU build.rs [1] HH EL ELO D EL HE E] workspace D] UU regex [00 


Cargo.toml[][ workspace İHULULUUUUUULUUNUUU”.. *000workspace 
LİLTİTİTİTİTİTİTİLİTİTİTİİİ 


00050800LLbin]1000901300LLbench1100000000Lib]000000 
1000000000000000000main.rs(]010000000mainJ000000000 
[bin İLTTLİLİ name (0000000000000O0path 00000000mainff 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLisrel HUUU main. rs HUUU 
(OUT EI EIS rc/bin E KAO ben eh (TT Halse IILI LI EET EET EET ETE 
ITU bench 00000000 


OHOOdObench[|Cargo.tom! HH dono dond god 00d 0000000000 
üllicrates.iolİTTLLLLLUNLU 


10.1.4 []|]| Cargo 


Cargo [DTHBEBUBOIBBBBEBHBEHBEBUBHBEBHBEBBEEBEBLL 
"SHOME/.cargo/config" [0000 Lnux/U UNIX (00000 
Windows[ [00% USERPROFILE%F*.cargotconfig[1000000000000 
0010-31000 
000010-310$ HOME/.cargo/config! (JULİ 
[registry] 
token = “your erates 10 token” 

[source.crates-10] 
registry = "https://github.com/rust-lang/crates.io-index" 
[alias] 


b = "build" 

t = "test" 

£ = EH 

rr = "run --release" 


RU DO s $) Ii ve > Da E 


H. ben = "bench" 
1 


. Space example € ["run", "--release", "--", "\"command list\""] 


0000 10-30 (00 Cargo HBEBIEBIBEBIBIBeHIHEH HH EE E EL EL ELLE ELE EI ET 
TOMLİHLLELregistryl (000crates.io[]00000token []|]crates.io[][] 


LİLİLİLİL İLİLİLİ İİ IILI II İİ İLİ İİ İcratel (OTTO 


[source.crates-io] |]|]|j|Cargo[]|][]crates.io[]registry [][]L]L] 
LLlcrates.iol WIDE OTT HOGG HO DUTOT 
LİHELLLİLLİTİİTLALITINLI 

[][alias] (00000 Cargo 0000000000000000000000000000 
000000110000000cargo space example (NUNNUNUNU cargo 
run--release--command list[][][] 

Cargo TU 

Cargol]0000git00000000000000000000000000000000000 
LİLİLİLLİLİLİ A 000000 

- QUUUOUUUUL/.cargo/config 

 1(000000000$ HOME/.cargo/config 

- UliregexliLiLiL/regex/.cargo/config 

: (0bench[]000/regex/bench/.cargo/config 

Cargoll TUE 00000000000000 000000benchf]000 
cargo build[][][]l]"cargo bu” HOHO bench oa Hanna cargo build[] 
cargo bu[]cargo b00000000000000000Oregext]OO0cargo bu HO 
000000000O0cargo build cargo DT 

WUC arool il! 

Cargo HLLLLLULLULLELLULEULELELULİSPATH (00000000000 
"cargo -'UJUUUJUUUUUULU cargo-something O00000 cargo 
something[]HBBpDppp. ppp b D HEEL] Rus e]HEL DE Ca rg e TET 
rusti mti NDOO Cargoll000 

0000000000O0rustimt] 

 0[000Stable[]Rust[rustup component add rustfmt 

- 100 Nightly [] Rust J rustup component add rustfmt-- 
toolchain nightly 


0000cargo--list]010000000000000000000000mt00000000 
OOOcargo tmt]0000Rust00000000000static hashmapl]000000 
[cargo fmt[]00000src/main.rs()00000000000src/main.rs.bk[ 
010000000000000000Cargol]0000000000000000000000000000 


IL cargo fmt ini pa ab dd rustteo TTT 
00000000000Irustimt skip100000 


OOrustimtf]000Cargo.toml[0100000000010-32000000 
000010-320rustfmt J| || Cargo.toml[ 000000 


te 14492510) 

2. name - "rustfmt" 

3; [[bin]] 

4. name = "cargo-fmt" 

2. [ [bain] ] 

6. name = "rustfmt-format-diff" 
d [ [bin] |] 

8. name = "git-rustfmt" 


0000010-32(100000LLbin]]000000000000000000000000 
cargo-fmt[]0000cargo install [00 Orusttmt(]0000000cargo fmt] 
0000000000000000 rusttmt HELL src/bin 000000 Rust 000000 
rustfmt.rs || cargo-fmt.rs |] rustfmt-format-diff.rs |] git- 
rustimt.rsQQ0ULLbin NAA path III II) 
00000000rusttmt00000000000000000000O0rusttfmt.tom[] 
0000000000000010-53s140000000000000000001 
ULLLU10-33fTrustfimt.tomli ||| 
1. £ RANK 
max vidth — 90 
+ fn AARE 
fn call width = 90 
+ bt XA — K RJE 
Chain one line max = 80 
EN | 


— O) OF 4 CO MW 


8 condense wildcard suffixes = true 


LICIECIDOIDUD UE rusttmt nono 


000Cargo 00000000000000000O0cargo-fix [] cargo-clippyli 
Lillcargo-fix 000 cargo fix 110000000000000000000 Warning] 


cargo-clippyl]Rust(]01010000000O0Ocargo clippy HOHO 
LİLİLİLİLİLİLİTİLİİLİİİLİRust 1.290000000Rustodo00 


10.2 0000 


Rust JEIETDOCIEDID ICI ED crate (ITT 
A reif rel IL] 
LLIILILIILILILLILILILILILILIILILILILIILILILILIILLIILILILLIRustu[ UI! 
LİLİLİL İL ODO İLİL İLİ ALLA İLİ İT DO O DO O İL İTİLİLİLİLİLİLİL? 

00000000000mod TİİİLİLİLİLİİLİLİLİLİstatic hashmapllİ IT 


mod[]0000Ostatic kv 1000Rust00000000000000000000000000 
0000000000 Htop-level [00src/lib.rs[|src/main.rs || 


Rust 2015111 
OO0Ostatic hashmap[][] Rust 2015 (00000000000000 


src/main.rs[][]]static kvQQOQ0O0000Ustatic kv.rs(10000000000 
10-34 1 


000010-3400000 


src/ 


| I — main.rs 
| L— static kv.rs 
00000main.rs[|[]mod static kv{...}Q00000 static kv.rs[]L] 
LLLLLmodl TİLLİLİLİLLL10-351İLL 
HULL10-35fT1istatic kuli static kürsi İL 


L. dr BBDO/SUSELS ir. 

2 use std::collections::HashMap, 

3 use std::sync::RwLock; 

4. pub const NF: &'static str = "not found", 

S. Lady static! 1 

6 pub static ref MAP: HashMap<u32, &'static str? = | 
7 let mut m = HashMap: :new(); 

8 


m LTer. (0, "Tots 


B. m 

LD y db 

lii pub static ref MAP MUT: RwLock<HashMap<u32, &'static str>> = 
LS, { 

13. let mut m = HashMap: :new(); 

14. m insert (0, "bar"); 

19; RwLock: :nev (m) 

T fu: y 

bis H 


0000010-350000static kv.rstIETmaabpbp pimp ppm e d 000D 
000Cargo[00O0static kv.rs0000000 static kvd 0000000 mod[] 
00000 main.rs OQ 0000 0000000000000 000static_kv[][] 
static kv] MAP []&static kv[]|]static kv(]]NF 000000000000 
OOOO 

UUOmain.rsQ0QU00Ustatic_kv.rsQQU000U0UmodQ0000 
static kv(]000000010-36000 

HULLU10-3611lmain-rsi İlilimodi TiLiListatic kull] 


lx. 727 main-srs 

2. #lmacro use] 

3. extern crate lazy static; 
4. mod static kv, 

o in read kv) 1 

6. 17 sas 

Es ) 

> fn rw mut kv() -> Result«(), String> { 
9. A ek 

10. ) 

11. fn main() { 

12. 5” x. 

l3. d 


0000010-56000004000mod[0000Ostatic KIC argol (III! 
OOstatic kv.rsH TUTE 

DOmain.rs İHLLLLLLread kvijrw müt kv]00000000000 
TT Tercl WITT Lread func.rs(10000000000000000000000 
0010-37000 

ULUL10-3711Uread kü[]rw mut kulfllman.- rell 
read func.rs|] 


1. // read func.rs 

2 use static kv, 

Sa pub In tead kv) | 

4 let fer m SLALIĞ Bi: MAP? 

9. assert eqi("foo", *m.get(&0) .unwrap or(&statio kv::NF)); 
6 assert eq: ( 

7 static kv::NF, *m.get (&1) .unwrap or (&static kv::NF) 
8. ); 

9. 2 
LÜ. pub fn rw mut Feit => Result<(), süring? d 


ll; { 

12. ler u SUSLIC Kye IMAP MUT 

Lë, ‚tead().map erz( [e] ¢€.bo_string()) 21 
14. assert. eq! ("bar", *mget(&U).unwrap or(astatıc kve:NE))7 
15; } 

IB. { 

LJ. let mut m = Static kv: MAP MUT 

1:8 3 weite () «map errlje| e.to string())?; 
lə, minsert(l, "baz"); 

£0. ) 

21. Ok (()) 

209 J 


0000 10-37 HU EH read kv [] rv mut kv dat 
read func.rs(]100000000000000000000000000000000000 
UULUULUUUULELHL static kv DOmmaaapbpuubiutmiiipmp 
static kv (00000000000 main.rs (0000 mod HUDD 
read func.rs[]00000use[]00000000000020000000000000 
000000000read kv[]rw mut kv NONO oubII 
public (000000000000000000000000000000000000000000 
pubDpI aaa aar uit 00000 
UuüLmain.rslTiLmodl ll read func[]000000010-38000 
ULULM10-381Tmain-rsi | [read funcf[[] 


// main.rs 
#[macro use) 
extern crate lazy static; 


mod static kv; 


use read func::iread kv, rw mut kv), 
fn main() ( 


1 
2 
5 
4 
de Mod read Ene; 
© 
7 
8 fı” cw 


Ja ) 


HEUL10-381iLmain.rslİİLLİLLUİLLULUULSLULMLULmodLULULULULULM 
read func[f1000060000use[0000O0read funcliLULLMLMLUEread: kv 
[rw mut kv 00000000000main(]000000000000000000000000 
00000 main (00000000000000000000 read _func[]|[[read_kv[] 


read funclllirvv mut kv[] 


UO main. rs HUUUUUUUUUUUUUUUUUUUUUUUUUL 
00000000static hashmapl İİLLLLLcargo run/]100000000000000 

00 src QOO0U000000000 main.rs [] read func.rs | 
static kv.rs[| II Istatic kv.rs[]read func.rs(1000000000000000 
HOUUOUMAPY MAP MUTTIDEIBBIBIBEIB BIBLE ELE E HL EL EL BEL BEL BL B BEL EL ET E 
static kv.rs [| read func.rs [[100000000000000000000000000 
010000000000000000000000000000000000000000010-59000 

000010-39[ static ku.rs read func-rsi 10000000 


static hashmap 


I— src 

| I-— main.rs 

| L— static func 

| .— mod. ES 

| H— read EE ES 
| L— static kv.rs 


0(000010-3900000000000[ static funcliLstatic kv.rs[] 
read func.rs()000000000000 mod.rs00O0static func[]000000 
000000Cargo00000000000 mod.rs (00000000000000000 
mod.rs [[O0static kv[]read func[)0000000000010-40000 


000010-40[ []mod.rs[ [static küllread funci İl 


1. // src/static func/mod.rs 
2. pub mod static kv; 


3. pub mod read func; 


HULU3M10-40HHUmodEUUUHUstatic kv[]read func 00000 
pub|[|[ ppm db dE] 


00000000000000cargo builder pp bp i i i 


error[E0432]: unresolved import static kv. 
==> srcstatro Tune/resd Funes SoLo 
1 | use static kv; 


ie no static kv in the root 


[read func.rs[]]use static kv[ III root! II 
000 static kv [Cargo (100000000000000000000000000000000 
000000(use static kv[][]l]use super[][]static kv [][L LI LI U 
static kv(]000000super(]000000Cargo(000000000000supertl 
LİLLİTTİTİTİTTİİİ 


TTT mam el İTİİLLİ0-411T11 
LU 10-41[[ | Jmain.rs 


1. // main.rs 

2. #lmacro use] 

o, extern crate Lazy static; 

4. mod static func; 

dı use Static Func: ss lacic kv; 

Du use static tunc: read. Tune: (read kv, ZW muc KY}; 
Së fn main() ( 

8. AP ap 

9 


1] 
0000010-410000040000mod(0000Ostatic func rr] 
16Q0000useQ static func[][] static kv[] static func [][] 
read funcl[|[ | IL maini NU main HAHAHA 
000Cargo.toml[]000edtion[]00“2015*00000cargo runt 
00000000000000000Ostatic hashmap Z2015İ11LLLLLLL 


LEİLTİLİTİTT TTİTİTİTİTİTİTİTİTİTİRustİ HUUU 
Cargo HOOD 0000000000000 

Rust 2018111 

Rust 20181 IILI II IILI I! 

* LİLİLİLİİLİLİT Oextern cratelİTİLİİTİTTİL 

- 0000000000erate0000000cratef 

- D0000000mod.rs00000 

` use EET TETTE TETTE TEILTE TL] 

0000000Ostatic hashmap 201500000Rust 20180000000 
000000cargo new TLLEULLMULUstatic hashmap 2018 (0000 
Cargo.toml [|] lazy static 000 edtion 00000 
“2018771 

0(0000[ static hashmap 2015 1111 static func [] O 0O | 
read_func{|static_kvQQQUUU0UUU0U0UUU0U0U main.rs 0000 
read func 110000 read func [] O O [] static kv [1] [] [J 
static_hashmap_2015000000000000000000 


ODOORust 201800000000000Ostatic hashmap 2018 000 
src 00 UU read func.rsQ 000000 read funcHO000000000 
static kv.rs(][0000src00000000010-42000 


000010-4 2 s rct IT 


— src 
| —  main.rs 


| I-— tead tune 
| | L— static kv.rs 


| L— read func.rs 


000010-4200000000000read func[] static kv[][]HL][] Rust 
201810100000000000000000000000000000000000000000000 
(read func.rs[]read func[)]00000000000read func [1L LL 
static kv] 0Oread func[]10000000Rust 201 5QQ00000000000 


000Oread func.rsJNUUUUUmoduNUNUstatic kv00000000 
10-4311 


000010-43[Oread func-rsi İİİLLstatic külli 
1. pub mod static kv; 

pub fn read kv() { 

// A static hashmap 2015RAAS 


2 

3 

4. ) 
Ə pub fn rw mut kv() -> Result<(), String? ( 
6 / / Fl static hashmap 2015 ARAŞ 

Ta ) 


00000 10-45 0000 read kv [] rw müt kv 0000000000000 
static hashmap 201500000000000000001000000static kv[] 


0000000000000000RustO0O0mod[1000000O0read func[]0000000 
(static kv[I[][] 


0000Ostatic kv.rs01000000010-44000 
000010-44[ [read func/static ku.rs|]| | 


use lazy static:: lazy static; 
use std::collections::HashMap, 
use std::sync::RwLock; 
pub const NF: &'static str = "not found"; 
Lazy static! 4 
// A static hashmap 2015 ARAŞ 


— OF UT BEN P 


. 5 


0000010-44000000lazy. static[]0000000000000000000100 
DO use (00000 lazy static LİLLİ lazy static DUDU 
lazy static[][]L]LL]L] Rust 20150101000000000000]main.rs 0000 


[macro use] extern crate lazy static [UU D D Ú 
lazy stad LIL IILI use 
LL Em ain. rs İLTİTİLİTİ10-4511111 
000010-45[(0main.rs[ |] 


1. mod read func, 

Ze use erate:sread Lunc:ziread kv, rw mut kv}; 

Je Ín main() i 

4. read kv(); 

də match rv mut kv() ( 

6. ORL) => | 

Ts let m = read Tunce:static ky: MAP MUT 

sy ead. (| 

m Map errilel e.to string ()) .unwrap () ; 
EY e assert eq! "baz", 

Abe “m.get (81) ,umrap or(&read fune: ¿static kuss) 
CH E 

13. | 

14. Err(e) => println!("Error {}", e), 

18: } 

LOs. j 


IJJ 10-45 [1H D [] mod [] 00000 read func (00000 
static hashmap 2015[][][]]] mam. re (0010000000000000000000 
00 7 0000 static kvdQ 00000 MAP MUTOOOOread funepoood 
00000000000 

00000002000use(]0000crate (0000000000000cratef]000 
read func [000000000000 self (00000 crate KANA Rust O0 
main.rs[]00000000000Oread functum rater 
00000000000000 


10.3 0000000000000 


100Cargoll00000000000000000000000000000000020170) 
C++17000000000Rust0000000 


EİN) © AA) III 
HUUU UU 5 VİİLLİLLİLİC S VEIBIEIIEILIEILTE 9-460 


000010-460011ICcsV 1001: 


First Name, Last Name,Age,City,Eyes color,Species 
John, Doe, 32, Tokyo, Blue, Human 
Flip,Helm,12,Canberra, Red, Unknown 
Terdos,Bendarian,165,Cracow,Blue,Magic tree 
Dominik, Elp6s, 33, Paris, Purple,Ore 

Brad, Doe, 42, Dublin, Blue, Human 


Ewan,Grath,51,New Delhi, Green, Human 


LİLİİLİTİLİLİİL. 


> ./your program input/challenge.csv City Beijing output/output.csv 


your. program (000000000000 000000000000CityOO0000 
000Beijing000000000output/output.esv700000000000000004 
110-47000 

000010-4700000CSVOODO 


First Name,Last Name,Age,City,Eyes color,Species 
John, Doe, 32, Beijing, Blue, Human 

Flip,Helm, 12,Beijing, Red, Unknown 
Terdos,Bendarian,165,Beijing,Blue,Magic tree 
Dominik, Elpos,33,Be1jing, Purple,Ore 

Brad, Doe, 42, Beijing, Blue, Human 


Ewan, Grath,51,Beijing, Green, Human 


DUT ity UNO eying İTİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
00C++170000000000000000Rust quo 


10.3.1 I] Cargo HOHO 
DODO Cargo İL İİLİLİLİLİLİLİLİLİLİesv: challenge 


$ cargo new --bin csv challenge 


0100000000000000000 src/main.rs Lİ Cargo.toml[][][] 
csv challenge [][ [IB DD D moput 0 DO0 000000000000 
challenge.csv 0 00000CSV0000000000000csv challenge 0000 
0000000 Joutput]000000000CS5V00000000000000 


csv challenge 
= Cargo.toml 


— input 


| — challenge: csv 


— output / 
L— src 


L— main.rs 


00000000000000000000000000 BOIDUILIStea ETE jen va rg SUITE] 
LİLİLİLİLİLİLİL İİİ İLİİ İLİ İİİ İLİ İLİL İLİ LL LL 


10.3.2 Tlstructopti 000000 


LİLİELİTİLLLİLLİİclapllsiructoptlIliİlclaplİİLİTİLİİLİLİLİLİLİLLLLLİLLİ 
LEO EstructoptHEreleprin nid bb ED ECL Ls tru eto ptr DI 
Cargo.tomilT 000000000 


1. [dependencies] 
Zs BLIUOCLCODL- “U.z” 
3. structopt-derive = "0.2" 


000O0cargo build[0crates.io[]1000000000000000000000 
structopt0000000Procedural Macro[]00000000)0structopt- 
derive[]1100000001 200000 
structoptl]10000000000000000000000000src (1000000 
000opt.rs1]00csv. challengef]00000000 
csv challenge 
-—— Cargo. Loml 


— input 


| —— challenge.csv 


I— output/ 
L— src 


| — opt.rs 


| L—— main.rs 


opt re TO TTT 0-4800 


LELIEIT0 -48[ Tisrc/opt.rsl İTTTİLTTİOpt 


ise SEFUCLOPE, derive: EE 
[derive (StructOpt, Debug) | 
r [struetopt (name = “csv challenge", about = "Usage")] 
pub struct Opt { 
#[structopt (help = "Input file") ] 
pub inputs String, 
#[structopt (help = "Column Name") ] 


OO =f Gi Ul 4 G 53 EF 


pub column name: String, 


LC 


t [structopt (help = "Replacement Column Name") | 

pub replacement: String, 

#[structopt (help = "Output file, stdout if not present") |] 
pub output: Option<String>, 


=e e KR kä 
CO N kä © 


"1 
000001 6-49 0 DEDE Op TİTİTİLİİLİİLİİ 0 


USAGE: 
csv challenge [FLAGS] «input?» «column name» «replacement» [output] 


ULULL 
: csv challenge QQUUUUUUUUUL 
: [FLAGS] (00Flag110000000000°0*0°0°0000 


' Hinputi1 TİTİLİTİLLLİİİLLİCSVİİİLLLİLELLLLUeLLLİLİnputlİ 
[IL structopt... İLLLLhelpliiliLiL 
“(column name) | (UU S VIOO oa 


[column namel] 


: replacement] DODOD 000000 000000100000 
replacement[] 

[output] (00000000000000000 12 0000 output HOHO 
Optionf]string[ HALOOO ILLILI IILI II IU 

000000000000opt000000000000010-48000pub[000000004 
IT 

0000O0src/main.rs1]0100000010-49000 


n00010-49 NU src/main.rs| Tl 


Le use Sbructopb::Srtrüucropt; 

mod opt; 

use self::opt::Opt; 

fn main() { 
let opt = Opts; irom args (); 
prim inli Lee sy ODE 


— O) VI BE N 


e d 

00000 10-49 (0000000 Rust 2018000000000 extern crate 
[macro usel[l[][][|structopt[]structopt derivellUUULLLU.UMuse 
HEEL LIS tructO pt] I I[ IL I] 


LLİLİ2LİİSİİİLLmodfluselllİİİliliLiOptiTİLiLmLimainliTiLİLİİLI 
structoptl]0O0OOptlllirom argsfilililililililililililililililililicargo 
A AA 


error: The following required arguments were not provided: 
<input> 
<column name> 
<replacement> 
USAGE: 
csv challenge [FLAGS] <input> «column name» «replacement» [output] 


For more information try --help 


LiListructopti İİ İLİLİİ İİİ İLİLİLİİ İİİ LİLİT İT İT İLİLİLİL İTİ İLİLİLİT İLİLİLİLİLİLİLİL. 
0O0--help00000Ocargo run---help [I III IILI 


USAGE: 
csv challenge [FLAGS] <input> <column name> <replacement> [output] 
FLAGS: 


sche =a Prints help information 
-V, --version Prints version information 
-V, --verbose 
ARGS: 
<input> Input file 


«column name» Column Name 
<replacement> Replacement Column Name 
<output> Output file, stdout if not present 


structoptliLİOptlİLİLLİLİLİLİLİLİLİLİLİLİLİİLİLİİLİLİLİesv challengeli 
LİLİLİLİLİLİLİL İL İİ İLİ İLİ İLİLİ İLİ İLİ İLİ İLİLİL İLİTİLİİLİLİLİLİL? 


10.3.3 İİTTİTTTİTİİ 


(ITT (erc İTLİLİİLİTİLİLİsre/err.rslİLİLİİİLİLİLİLİİLİ 
[10110-50000000 
000010-50[|src/err.rs|][ 111] 
La GSE steylo 
2. 4[derive (Debug) ] 


3. pub enum Error { 


TOLO t ai ie bei 


Programie static str), 


4 
5 
b. ) 
7 impi FromsSlosError> for Error | 
8 


fn frowa: 10:1:Ebrftor) => Error T 
9. Error::lo(e) 
105 ) 
ll; J 
12. Ampl Fromes”"statıc Str» for Error 1 
Ls fn from(e: &'static str) -o Error ( 
14. Error::Program (e) 
15; } 
Lo. | 


00000 10-50 00000000 Error UI foot NA Error 
ProgramlJ&lstatic er HO DUDU From! 
00 VODTIBBIBUBIDBIBOBIDUCHD Error VT erc an real IILI III 


csv. challenge TTT 
csv challenge 
= Cargo.toml 


I-— input 

| I-— challenge.csv 
— output/ 

L— src 

| K err.rs 

| :— ODL.ES 


| L—— main.rs 


UI S VIII 
10.3.4 [[]CS VI] ] 


"erc ELLELİİLİcore:-rsil Tifilicorel be S VEIDBBUBBIBIBEL 
CSVIEDBBHBBBBaEIIiiiu PB BpBHBILL 
core/read.rs[|core/write.rs[]][]csv challenge LULU IL) 


csv challenge 
— Cargo. tom. 
— input 
| — challenge.csv 
— output/ 
L— src 
| I— core 
| | I— read.rs 
| | |— write.rs 
| I— core.rs 
| |— err.rs 
| I— ODL.TS 
| 


L— main.rs 
0000Ocore.rs11000000010-21000 
HLLL10-511 iLiLicore-rs H0 


1. pub mod read, 
2. pub mod vrite, 


a use crate::err::Error, 


00000 pub 00000000000000000 main (0000000000000000 
Oread]00000Errort100000core.rs0]000000 


0000core/read.rs000000000000000010-52000 
000010-52[]]core/read.rs(]100000000 


Ke OS — € OI as Gs a p 


bə Bo KS 52. BOS BO KI BO PD jd p ə qp m F m gp F E 
CO. — OS Gi s Gi Bi PA CO AĞ © — O) OT M ww TO dq Es 


29. 


CO 
Le 


ads 


use std::path: : PathBuf; 
use std::fs:sPile, 
use super::brror; 
use std::10!:prelude::*; 
pub fn load asv(ešv flle: PathBuf) -> Result<String, Error» | 
let file = readicsv tile)”; 
Ok(file) 
| 
pub fn write csv(csv data: &str, filename: &str) -> Result«(), Error? 
| 
write(csv data, filename)?; 
Ok (()) 
| 
fn read(path: PathBuf) -> Result<String, Error? { 
let mut buffer = String::nev(), 
let mut file = open (path) ?; 
file.read to string(&mut buffer) ?; 
if buffer.is empty() | 
return Err("input file missing")? 
| 
Ok (buffer) 
| 


. İn open (path: PathBuf) -> Result«File, Error? | 


let file = File::open(path) ?; 
Ok (file) 
| 


. fn vrite(data: &str, filename: &str) -> Result«(), Error? { 


let mut buffer = File::create (filename) ?; 
builer.wrlte all (data.as bytes) ) Pa 
Ok(()) 

| 


0000010-92000001040000use 0000000000 00000000 


stdliLlpathiiUPathBuifflistdilMİsHLMFilelstdLiolUUpreludelli”LL 
0000000Rust000000000extern crate std İT İLLİLİLİLİLİLİLİuse star] 


prelude [0v1 00*D000000000000000000usepdo000std UO 


preludelllİiv1111”TİULL [4] 000050000super (00000000000004 
OOOcore[|000Errorl] 

Rust(100000000000Path [PathBuf (0000000000000 
Astr[] String [000Path (000000PathBuf (000000000000000 
DOHA OOO OOO OOOO OOOO OOOO 

ODO std Tifs 10000000000000000000000000000000000000 
00000000000000000000000000File0000000000openfl]createl[] 
0000000CSVu0000000000000000000000 

O00Ostd[]0io (000007VO00OLtrait0000000000000Read [| 
Write [|Seek ||BufRead [|[[]trait]001/00000000Ostd[]O0io[][ 
prelude[]0*1000001/00000000000 

00050135000000pub[Olload csv[]write csv ]000000000 
csv000000000000000000000Oreadf]openf write[]0000000000 
UU 

LELLLULLmain.rsl TİTLLLLULLUC S VEEBIDIDIDUBULTT 0-530000 

HULL10-53fTiLlmain-rsi load csu[]write csul]0000CSV 
LİLİ 


L. use SCtrücLbopr::StruüuctOpt; 

Za mod opt; 

Se USE ODUI:Opt; 

4. mod err; 

5. mod core, 

6, use self:çcore:sread::( load csv, write csv]; 
Tə use std: path? : Pathbut; 

8. use std::process; 

9. Tü maiınü 1 

10. let opt = Opt::from args()7 

115 let filename = PathBuf::from(opt.input), 
12; Let csv data = match load esv(filename) 4 
13. Ok(fname) => { fname ), 

14. Err(e) => { 

12: proirtini(“maöeiın errors 1771”, €? 
10. process: :exit (1); 

i m ) 

m Er 

19. let output file = &opt ‚output 

20 .unwrap or ("output/output.csv".to string ()); 
21. match write csv(&csv data, &output file) 1 
AE y Ok( ) => { 

22. println! ("write successl"), 

24 by 

25 Err(e) => ( 

26 printin! ("main error: 1:91”, ©); 

21 process::exit (1); 

2B. ) 

29. ) 

Ək. ] 


000001 0-3300000d00000000 


0001 10000Path Bui] rom) VT Ton. vu WITT NU 
II Path Bul TEIL] 


00012018000000CS5VOOOOflenameflload csv(]0000000 
match] load csv] 00Result]00 


10019000200000Ooutput rb C9 V EETLELEL EL ETE 
opt.output JLJLILILILICILILILILILILILjunwra p. ort İ İLİ İLİ İLİLİİLİLİLİ? 


00021029000000000CSVIOODesv data lt Tloutout Tel 
write csv(]010000CSVO0000000000match[ OO Result rg 
LİLİ 

[]]]lcargo run input/challenge.csv City Beijing (110000 
HLloutput/output.csvlilUULNL$Linput/challenge.csvilLliu 


0100000000000000City0000000000000Beijjingl100000000 
core/vvrite.rsi İTTTLLLLL 


10.3.5 TTCSVITTLEL 


LİLİTİLİLİLİLİİLİLİLİTİnesliİTİLİLİLİİİLİLİC S yv ono on EID EID UID LI LI ILII[! 
UU € S V. LI ILILILILI IILI ULT VeL Ses ert IL IILI II IILI 
A A SNA 
LİLİLİLİL İLİLİL İİİ İİİ İ İİ İLİ TLİ İİLİLİLİTİLİİTİL. 


00000000000PathBuf] File[)Error(]0000000000000000000 
0000000000000 0] core.rs10000000010-54000 
HLLL10-5411iLHcore.-rsi |core/read.rs| || | 


// core.rs 

pub mod read, 

pub mod vrite, 

use ODOQLOSTOIL:TELIOL; 

use std::{ 
Bachs: FachBur; 
fs::File, 
10::{Read, Write}, 

); 


. // core/read.rs 


E e © co <a di Q? a to N Fa 


Im^ £2 


. use super::{Error, PathBuf, File, Read, Write}; 


0000010-540000core/read.rs(]000std000000000000Rust 
201800000000usel]00000000 0 core.rs(00000000O0core/read.rs[] 
super | IILI II III 

UULLLcore/vvrite.rsil TİTİLLİTULT0-5511LL 

TLLLU10-5511ULMcore /vvrite.rsi || | 

use super::”, 


pub fn replace column (data: String, column: &str, replacement: &str) 


3 -> Result<String, Error> { 

4 let mut lines = data.lines(), 

5 let headers = lines.next () .unwrap(); 

Er, let columns: Vec<&str> = headers.split(',').collect(); 

7 let column number = columns.iter() .position(|&e| == column); 
8 let column number > match column number | 

9 Some (column) => column, 

AN. None => Err("column name doesn’t exist in the input file")? 
la H 

ld let mut result = String::with capacity (data.capacity()); 

Lä, result.push str(&columns,join(",")); 

14, result.push('\n'); 

15. for line in lines { 

Ia let mut records: Vec<&str> = line.split(',').collect(); 

lis records[column number] = replacement; 

18; result.push strüsrecords,401n(",”)17 

19. result.push('\n'); 

20. } 

Al; Ok (result) 

Ss, J 


Q000010-5>0000010000000use spuert III core WI 
LİLİ 

ULLUZLHLLELEpubliireplace column HOHO CS VIOO 
data[|00000column[ 1UUEULLMUreplacementll 


000401 [1 llines[]] data [II JLI neti iL ILICSV 
00000 headers[]0000 split (0000000 headers [O0 Vec[ ]|&str| [| 
(columns[|00000position[]0000000000000column numberi HO 
match[J[]position[] HOHO 

0001202000000000000000result000000columnsf Tool 
0000000000000000000000000 lines 000000000000Vecf]strf] 
L UD EH records [] D] 00 column number JQ QUUUUU0U0000 
replacementi 1 ITLLLLTİTecordsi İİ join(1101000000000000000000 


010021000000000 
000000mainfl000O0replace column/]0000000010-56000 
000010-56[ ][]main.[] || ||l[jreplace column)|lI 


du E adə 
2 use self::core::{ 
3 read: {loaa csv, write csv}, 
4. write::réplace column, 
9. Ja 
6 fn main() { 
7 |l Warma 
8 let modified data = match 
B replace column(csv data, éopt.column name, &opt.replacement) 
LU, { 
LI; Ok (data) => ( data |, 
12, ETE (8) => | 
13; printinli"marihn error: 1771777 ©)? 
14. process::exit (1); 
lo, ) 
L5 E 
ida A See 
18. match write csv(&modified data, &output file) { 
19. 7 as 
20: ) 


LEEL10-5611İLlmain.rsi TİLLLLİLİLLLLLEZHƏLİLİLLuselilicoreflll 
HLLLLUreadiivvritell 


0008016000Oreplace cotumnr ITT SVO 
modified datall 


HULUTSUULLMUNULMUmodifted datallHoutput file[]|] 
0O0cargo run input/challenge.csv City Beijing (110000 
0000output/output.csv[ [City 100000000000Beijing [00000 


10.3.6 100000 


O 
csv challenge OHOOO Rusi OO 00000 00000 00 
ULU LİL İL İLİL İLİ LİLİT İLİTİLİLİTİL. 


LİLİLİLİLİLİ 


Rust{JUUUUUUmod test(]00000000000000oad esv aiii 
000000001 0->7000 


ULLUL10-571111oad,  esurnnnnn 
# [cfg (test) | 
mod test ( 
use std::path::PathBuf, 
use super:: load csv; 
t [test] 
fn test valid load esv() 1 
let filename = PathBuf::from("./input/challenge.csv") ; 
let esy data = load esv(Tilename) ; 


assert! (csv data.is ok()); 


— FP KE OO — Oi Gi ex € m E 


e O 
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0000010-57000001000lefgiltest] 0000000cargo test |] 
10000000 

00020000test000000 use] PathBufHload csv[]0[] 
PathBuf[]load csv(]0000test000000 


000 5 OOO test) 0000000000000000000000000000000000 
0000000Itestl00000000 ignore] (0000 


A Ua 


[Hcargo test LLİLLİİLİLİLİİİLLİLİLİİİLİLİLİİİoad. esvlİLİLİİLLİLİLİLL 
0000 write csv [] replace column DUUDUUOUUOUUOUUOUUU 
csv challenge II IILI I 


LİLİLİLİLİLİ 


LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİL nn UL Ni Rust 000000000 
0100000000000000000000000000000000000 Gw challenge 1 
LİLİLİLİLİLİLİLİ İİLTİLİ 


00000000000000src/lib.rs00000000000000000000000000 
O0ÖOOmain.rs(1101000000000000010-280001 


000010-58100src/lib.rs[]0 


mod opt; 

mod err; 

mod core; 

// ENTE 

pub use self::opt::Opt; 

pub use self::core::{ 
read::{load csv, write csv}, 


write::replace column, 


O © — Oy OF A LA N HL 


. 5 
LİLİTİLT110-55111EİLLİLİLoptllerrticoreTllli 


00050900000000000 ERe-exporting i nb db dod 
LİLİLİLİLİLİLİLİ İİLİTLİLİLİ? 


OO0OOmian.rs10100000010-29000 
000010-59 | main. rel 


© Jovi» W N FP 


= RP © 
N RF © » 


1: 


0000 10-59 000 main.rs QUUUUUUUUUUUUU 3 OUOOOOOL 


IE e 29 
lee SETTUCEOPT E EECHER 
use csv Challenge: +4 
Opt, 
(load csv, write csv), 
replace column, 
be 
use std::path: :PathBuf; 


use std: :process; 


x 707 susi: 


csv challenge HOHO 


000000000main.rs0lib.rs1101000000000000 L 

O0HOcargo build[]010000000000000000esv. challengel 
LİLİTİLİLİtestsi İLİLİLLİLİTİLİLİntegration Test real TTT input 00000 
0000CSVilno. header.csvi]1110000CSVu00000000000000000 


Lillcsv challengel]00000000 


csv challenge 
I-— Cargo. Tomi 
I-— input 
| — challenge.csv 
| I— Dno nesder«csv 
I— output/ 
L— src 
| — core.rs 
| | I-— read.rs 
| | — write.rs 
| TE err.rs 
| :— ODE. lS 
| I— Tay s 
| — main.rs 


L— tests 


|  L— integration test.rs 


[integration test.rs[] JLI LL 10-6011LL 
Q00010-60[lintegration test.rs| | [| IILI] 


1. +[cfg(test)] 

2 mod test | 

3 use std::path::PathBuf; 
4. use csv challenge::{ 

Di Opt, 

6 {load csv, write csv}, 
7 replace column, 

8 

9 


İT 


# [test] 
LU, En test csv challenge) 
İl, let filename = PathBuf::from("./input/challenge.csv") ; 
123 let csv data = load csv(filename) .unwrap () ; 
13. assert! (Csv data.18 Ok()]j 
14. let modified data = replace column ( 
13: csv data, "City", "Beljing" 
16. ).unwrap(); 
ile e assert! (modified data.1s ok()); 
Lö. let output file = write csv( 
19; &modified data, "output/test.csv" 
20 3 ) ; 
zı. assert! (Output file.is okí()); 
22. ) 
20: 4 


LİLİLİLİİ DO O DO İL İLİLİLİ İLİLİ İTİL İLİ İLİ İLİLİT İLİ LİLİT İLİLİLİLİLİLİLİLİLİLİL. 
OOOOcargo test İİTİTİTTTİTLTİİİCargollTİİİİtests OOL 


LİLİTLİTİLİİL. 


Rust TUTE 0-61 001] 
000010-61[]0core/read.rs[ | (write csu III 


/// # Usage: 

/// ^" "ignore 

/// let filename = PathBuf::from("./files/challenge.csv") ; 

/// let csv data = load csv(filename) .unwrap () ; 

/// let modified data = replace column ( 

/// csv data, "City", "Beijing").unwrap(); 

/// let output file = write csv(&modified data, "output/test.csv"); 


GÖ =] oF CH «E G3 3 E 


/// assert! (output file.is ok()); 

TREE 
. pub fn write csv(csv data: &str, filename: &str) 
. => Result«(), Error? 
wA 


NO 


— pi — ıı ja E-$ 
Gn H> CO [N Pa c» . 


write(csv data, filename) ?; 
Ok(()) 
. | 
000019-61000000write csv(]0000000000000000// 000000 

HBOBIBOBID/7 0000000000 Markdown (11000000000000000000 
00000000000000000000Rust00000000000007/// °0000000000 
LİLİLİLİLİLİLİ 

00000200000ignore [TIED DD cargo Test inni nii 
Rust [JII  *000000000000000000000000write csv 
0000000000000000000000000°  ignore”10000000000000000 
LILILTLTLILTLTLTLTLTLTLI 

0000040 °000000000000000000000000000010-6200000 
LİLİLİLİLİLİL İTİL İLİLİL LİL İLİLİLİLİLİLİLİLİLİLİLİL İLİ İLİLİLİLİ 
00001 0-62(sre/lib.rsQOo00000 


1. //1 This is documentation for the 'csv challenge” lib crate 
2” 771 

3. //! Usage: 

4. //1 "°° 

2 771 use csv challenge::{ 

6. 0241 Opt; 

Te dus (load csv, write csv], 

757” replace column, 

2-. ay Y 

LOS A 70 


0000010-62000src/lib.rs100000007770 °00000000000000 
cargo test (III 


LllliLicargo doc [IT target/dochH m bb p m ED UT E] 
LİLİLİLİLİLİLİLİLİLİLİ? 
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Rust ]000000000O0esv. challenge (TTT benches (ULL 
LİLİTİLTİLİİLİİİİTİCargol III 


HUbenches/file op bench-.rs[100000000000010-63000000 
HULLM10-6311benches/file op bench.rs| İİİ 


t! [feature (test) | 
extern crate test; 
use test::Bencher; 
use sta: !:path::PatnButf; 
use Ges Challenge :s{ 
Opt, 
{load csv, write csv}, 


OX o Ep CF > Ce hb EF 


replace column, 
J; 
. #[bench] 
. fn bench read 100times(b: &mut Bencher) | 
bp. Leer || i 
Let u = best:iblaek boxtl00); 


WO 


= WE kä PR 
C) N F © 


14 (0..n).fold(0O, | , |itest load csví();9UF) 

LƏ: t) 7 

1b. j 

Li. TA. test load SSV4)4 

18; let filename = PathBuf::from("./input/challenge.csv"); 
ls load csv (filename); 

20.4 


0000000000000 Heatures']test/]1 0000000 Rust0000000 
features [00000 extern cratel]]Jtest ILİIULULLMUMHtestHHUHBencher 
00Oiter(]00000000000000000000000000000000000000 

000110160000bench read 100times[]000001bench] (000 
LLULELULELULELLULL iter Damna testliliblack box 
01100000000test load csvlİL100HHEHEUUEEUELELELELRELLERLU 
load csv(]0000000fold[]00Otest load csv(]01000000001400 
LİLİ 

OOcargo bench [JD D D D D D D D D DC CC CODO LI 


test bench read 100times ... bench: 1,321,230 ns/iter (*/- 699,240) 


HLLcrates.io 


LILILILILILILILILILILLILLILILIcrates.io H00000000crates.io IT 
UHUULULULELELLHApi Token.) 00 Token. 00 .cargo/config|[] 
[registry] (0000000 cargo login gon oo dd dd 0000000000 
Token|] 

00000000000000000cargo publish AAA 
[crates.io[00000000Ocargo package [1100000000000000000 
00000target/package[100010 


OOOOcargo publish III! 


error: api errors: missing or empty metadata fields: description, license. 
Please see http://doc.crates.io/manifest.html#package-metadata for how to 


upload metadata 


00000 Cargo.toml [O00 [package] D0D00000000000 
description) ]licensel]0101100100000000000000000000000000000 
0000000000000000000000cargo installi (1110100000000 
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pj Rust OOUUUOUUUUUU0 Enum ETE EIE DLCEED BE CEDE ELEC CECI 
[Item(]00000000000000000pub0000000000000000000000000 
LİLİLİLİL İLİLİL İL İİ İLİL İLİ TİLİTLİTİLİTİL. 


Lİİ111110-6411111Rust 201 54000000 
000010-64[ ¡Rust 20150000000 


O 3 AGE EN m 


pub mod outer mod ( 
pub(self) fn outer mod fn() 1) 
pub mod inner mod ( 
// SEBI outer mod” FM 
pub (in outer mod) fn outer mod visible fn() 
// FEA crate TH 
pub(crate) Tü crate visible fn() 1) 
// A” outer mod” Asay JL 
pub(super) fn super mod visible fn() { 
// VE I] — ARRE ağ 
inner mod visible fn(); 
// Gi X AAA "WR 
::outer mod::outer mod fn(); 
} 
// AUR” inner mod AeA M 
pub (self) fn inner mod visible fn() {} 
} 
pub fn foo() { 
inner mod::outer mod visible fn(), 
inner med::crate visible fm); 
inner mod::super mod visible fn(); 
// RAEM inner mod 194477 Rh 


// inner mod::inner mod visible fn(); 


) 
fn bar() { 
// BABIES crate TR 
outer mod::inner mod::crate visible fn(); 
// ARRI outer mod * JL 
// outer mod::inner mod::super mod visible fn(); 
// FABRA outer mod TIL 
// outer mod::inner mod::outer mod visible fn(); 


// At foo ATA Ata 


t) 


34. outer mod::foo(0; 
e J 
36. fn main() { bar() } 


0000010-64000000000000O outer mod[][]inner mod[][] 
outer mod(0000000000000000000crate[]00 


LIL 12 IL Ipubliselfli Tililllillouter mod (oU selt 
000000000Oouter modilinner modrp dg bp b p p I! 


10050000 pub (in outer mod | O00000 
outer mod visible In ILILILILILILILILILouter mod[]01000000000000 
[inner mod IT Ulouter mod[]111000000000000 


00070000publcratel] (00Ocrate visible in(10000000000 
LiLİLilicratel İ İLİ) 


LLL9LuUULUpublisuperll 00000super mod visible fa 0000 
00000000O0outer mod[]10000publlin outer mod 0000 Isuper 
LİLTİTİTTİTİTİTİLİTİTİTİİİ 

0(0013000super mod visible fn[j[][][][] nuter mod] Uy 
outer_mod_fnQQQU0U00"UU *000000000000000000000000°00 
outer mod ” [00000000000 outer mod 00000000000 
outer mod fa III UbRust TT [Uniform Pathi] |] 


000160000 pub [ self ll [|] inner mod [I I 0 [] 
inner mod visible fn TILIILINLMLILL"nner mod UI 


0001 8024 0000pub 000000foo[]100000000000inner. mod? II] 
100000000001Dimner mod visible fnQOOUU000U0000 
inner mod[]0000pub[1000000foof[100000000000000000000000 
000000000000000000 

00026053500000000000bar00000000Douter modf]00000 
—-U100l0OcratefOlcrate visible fn[10001000000000foo[]00000 
00000000000000000 

0000000000 

: 0000000pub[]0000000000000000000 

 pub]00000000000000000000 


: pub[ Jcratel JU cratel Ol] 

: publlin Path[]000Path0000000000000Path0000000000 

: pub[]self] | ipubliin self jii bi 

: pub[]supert] Tou blo super ii 1b p ib b i I 
DODODOODO OOO ODO O 0000000 

0000 Rust 2018 [IIJ IILI D 00000000000 0000000 10-650) 


Q00010-65[ ¡Rust 20180000000 
1. pub mod outer mod { 
2 pub (seli) fn outer mod fn() İf 
3 pub mod inner mod { 
4. // Æ Rust 2018 BUE AAT SARA use FA 
2 üse Crates: outer Mod: souter mod fn; 
6 // TERI outer mod” TA 
] pub (an erate::outer med) fn outer mod visible Ini 4) 
8 // &' outer mod” ATL 


B. pub(super) fn super mod visible fn() ( 
10. // | 1] — SIRI A AR 

lla inner mod visible fn(); 

ER, // BARA use FAT outer mod, MURE AEA 
LƏ. outer mod fn(); 

14. } 

Lë, // Ee RAEV E 

15. ) 

bd. pub in foot) Í 

18. // NAT]. E 

13; } 

20. 


} 
21. // ERA ADA E 


000010-65O0 Rust 2015000000000000ORust 2015 00000 
LİLİLİLİİLİLİTLİLİLİ 


00000 OOOOOOOOODAnchored Path]! (000000s000000 
uselliilillouter modiOinner. modl]]J0100100000000000000000 
OOL 


- UUU7UEpubllin cratelillouter modi | [1100000erate UI 
Lilicratel İiihlcratel İfİLİTİİTİİİ İLİTİ İTİL root (10000000 


 0001500000000outer mod inl]0000000000usel0000000 
UU 


UNUUURust 201 500000000000000 


DOODO000 00000 trat rbd DEnum(00 00000000trait[] 
Enum (1000000000000000000000000000000 pub 000000000 
UU 
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DUBIO DIEI et (UCD Rusi OUT 
Cargo[ID DH p İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLLİLİLUİİ Cargo ETİ 
HOUUUU Rust HLHEULULULULULEULURULLULcargo-fixlirustimili 
clippyliLİLTİİLİİLİİLİLLİ 


Rust(]01000000000000000000000mod(10000000000000000 
01000000000000000000000000000mod.rs00100000000000000 
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CN A A A ooo 
0000000000000000000000 0 supert]self1000000000000000 
superlİLLiLiliselil 100000000000000"..*0°.*0000000 

Rust 2015400000000000000000 Rust HUUU 
OOOOOOOOOORust 20150 0000000 

LİLİLİLİLTLİLİLİLİLİLİLİLİLİLİLİLİLİRust 20 15öLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
010000000000000000000000Path(]1/0000000000000000000000 
OOUHOUODOOOOOODOOODOOOOOODODO Rust III 

LİLİLİLİLİLİLİLİLİTİİLİİİİRust 2015[]Rust 20138 0000000000000 
LİLİLİLİLİLİ 
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[1] TIIHGitHublTIİULLULULLTOMLİTİLLULU0.4.011UİULUtomll-lang/tomill 
[2] 000000000000000000https[//semver.org[] 

[3] (]GitHub[][][jrust-lang/regex(][j ILLU] 

[4] (| |]https[]//doc.rust-lang.org/std/prelude/index.html[]]|][] 


0110 0000 
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LİLİLİLİİ DEDO DO DO OOO KL İLİ İLİLİT İLİTİLİLİLİLİLİLİLİLİL. 
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(app ODO OOO ODO OOOO OOOO ua nunu unu yank 
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OOOO TİTİLİTİİLİTİİLİ 


Optimization 





011-400 000000 
* LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİLİL İTİLİ İLİİLİ 
* LİLİLİLİLİLİL İLİ O İLİ III III III İLİ İLİ İTİL İLİLİL İLİYİ 


ODC PU UO 
HOU" DET TİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİİLİLİLİLİLİLİ 
LİLİLİL İL İLİ İLİLİLİİ TİL İF İTİLİLİLİLİ TİLİLİLİLİLİLİİ İ İTİ İL İLİLİLİLİLİLİL İT İTİ İT İLİLİYİLİLİLİLİİ? 
C++ Rust. I lAtomicil [II ILILILI IILI ILILILILILI LI LI II! 


Rust0UNUNUNUNUNC 011 [LC rk 110 ET ELA temic DI ETETULE] 
storellload III] CPU (00000000000000000000000000000000 
[Memory Order [[00000C++11006000000000Rust do LEVM 
LİLİLİLİİTİRusti (LEV Mİ TİİLLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 


LİLİİTLİTİLİLİTLİLİLİ 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL IILI İL İLİLİ TLİ İL İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİİLİL. 
ULULULULLL 


* LİLİLİLİLİLİLİL İL İLİ İLİ İLİLİL İL İTİLİ İLİYİ 
* LİLİLİLİLİLİLİL DO IILI III! 
* LİLİLİLİLİLİL İLİ İLİ İLİ İİ İLİLİLİLİLİLİTİL. 


LİLİLİLİİ İLİLİİ İL İF İLİLİT İL İLİLİLİL İT İLİLİL İİİ İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
LİLİLİL İLİ İLİLİİ İİİ İİLİLİİ İT İTİİİLİLİL İTİL İLİTİLİL İT İLİ İLİLİL İL İLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
DEIEIDOIEID EIE Rust IILI III III IL 


11.2 1111111) 


Rust İİ İLİ İİİ İLİ TİL nn nn 
0000 HlistdiTithread [1110000000000000000000000 
0000 HlistdiTisync [IILI II banne VU 


11.2.1 0000 


Rust ]10100000000000000000000000000000000000000011- 
7000 


000011-700000 


əs use std::thread, 


2 fn main() ( 

3 let mut v = vec![]; 

4 ror 14 10 Uso A 

5 M let child = thread::spavn (move || { 
6 prantia! ("in ohilds QE", qd]; 

7 II: 

8 V.DUBH tohlla)j 


BL. ) 
LU. println! ("in main z Join before "jg 
11 s tor chila iü vo 4 

12; SALIA. TELE E 

Lə, ) 

14. pringinii(Nin main % Join after"); 
15% J 


0000011-7000000usellistdllilthread1]1000000000spawn[ 
HO SOO vua 


01004090000for1101000050000000000000v00000005070000 
spawnl]10000000000000000000000000000004000000000000 
LİLİLİLİL İL İLİLİLİİ İİ İLİLİİ TİL İLİLİL İT İL İTİTİLİL İT İLİ İLİLİL İLİLİLİLİLİL İTİL İTİLİLİT İLİ İTİLİLİLİ 
HOOD Rust DOA move (10000000000id000000 
III 


000 1111135 00000 v 0000000000000000 join 0000000main 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL11 OTİLİLİ1 41LİTİLİLİLİLİLİT exa 00000000000 


HUUU 1-õ50000000000000 
00001 1-8 0000 


in child: 

in child: 

ın CHILA: 

in child: 

in main : join before 

in child: 4 

in main : join after 
LED U mara p 00000000000000 “in main] join 

before” QUUUUUUUUUU0"in main{join after” DI bbb 


00000001 1-7000 oia Umainn nun ununu nunun 
LİLİLİLİLİLİLİLİLİLİLİTLİLİLİTİLİLİLİLİLİTİLİLİ main NANDO 
LİLİLİLİLİLİL İL İİ İİ İİ İLİL İT İT İL İL İLİLİLİLİLİLİLİLİLİL İİ Tİ TİİTİLİT İTİL İLİL İTİTİLİLİLİLİLİLİLİLİİİTİİ? 
LİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİ İLİLİİLİLİLLİLİLİLİLİLİmarnl I IU IILI 


10000000000000000000 tool OTTO 
0000000 om I dp 1-9 DIE] 


O N m. O 


thread1 { 
thread2.join 


thread1 


wait thread2 


thread2 





[]11-5(]D Ej ein Did] 


[I11-S IILI thread1[i i ithread2[join[ i thread1[il) 
HD rjeiapnadbpmrmrmthreaa2rielamdbirmthreada2 0000000000 


thread 111 LİLİLLİİEİLLİLİLLİLİİ 1-90 "1n main[ join after" [IILI III 
HU 


RRE 


D thread Uepawol İİTİTİİLİİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİZ M BETCTETCUET 
000000000000000000000 thread Builder 0111000000000000 
0001 1-900 TE] 


00001 1 -9[ ][]]]thread[ TiBuilderiTTİEL 


d use std::panic, 

2 use std::thread::{Builder, current), 

3 fn main() ( 

4 let mut v = vec![]; 

B for 14 in 0..5 { 

6 let thread name = format. ("child-])", idi: 
] let size: usize = 3 * 1024; 

8 


let builder = Builder::new() 


B. ‚name (thread name) .stack size(size); 
10. let child € builder.spavn (move || ( 
lis mein ("sn elle: 11%, Tali 
12, if id 3 ( 
13, panic::catch unwind(|| { 
14. panie! ("oh nal"); 
15; t); 
18: println! ("in {} do sm", current () nane () .unwrap ()); 
ıı ) 
(ER }).unwrap(); 
19: v.push (child); 
20. ) 
e. for child ih Y { 
23 Chadd. Joint) zuUnwWrapt)}? 
25. } 
24. ) 


00001 1-90000001 1-700000000thread |[]Buildert]0000000 
0006000700000000000000000000800090000Buildertilnewl]t] 


00000 Builder NUUNUNUUNUUUUNUUNUNUUNUU name |] 
stack sizellLİLLLiLiLiLINLUMUULLLLİLİLLİLLİLİLİLİLİUUULLLLRustlİ 
LİLİLİLİLİLİ İTLİ OUT OUT UO HUOT UO UO OUT 
[0 RUST MIN STACK (0000000000Builderl|[]stack size] 
LİLİ 


000100000builder.spawa[|00000000spawn[]00Builder[ |] 
0000thread[]0spawnl]0000000000tkread[f]]spawa0OO0O000 
Builderf(]00000000000 


000120170000000000000 panic 00000000000 
catch unwind[]000000 catch unwind (1000000000000000000 
16 [I thread current TUE 


LILILILILI181LLispavvnl 00000000 unwrapQ 00000 dd thread 
spavnHUULUULHoinHandlelfTTT (000 Builder[]spawaN 00000 
Resultl Hoin HandlelfTTİMMUL(UUUMUUHunvrapliLLioinHandlelflT 
LİLİLİLİLİLİLİLİLİLİ om YUU 

000011-2000000000011-10000 


0100011-1000000 
thread "child-3" panicked at "oh nol", src/main.rs:14:24 
note: hün with. "RUST BACKIRACE-1" for a backtrace. 
in ehitas | 
ın CRETA 
in child: 
ır mal 
14,21 ilkə Ip 
1% child» ao: SM 
01000011-1000000000000000000000000000000000“child- 
3” 10000000000000000“unknow”[(101000000000000000child-S[] 
LİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL? 


LİLİLİLİLİLİ 


DD Thread Local Storage TLS) HIO 
100000000000000000000000011-11000 


100011-11000000000 


(Ə A N O 


use std::cell::RefCell, 


use std::thread, 


fi 
2 
3. İn main() ( 
4 thread local! (static FOO: RefCell<u32> = RefCell::new(1)); 
5 
6 


FOO.with(|f| 1 
assert eq! (*f.borrow(), 1); 
a "r.borrov müt) = 27 
8. J); 
9. thread::spawn(|| | 
LOs FOO.with(|f]| 1 
bl. assert egi?(”Lr.borrovi), L)? 
Lern *f.borrow mut() = 3; 
13; II: 
14. II: 
19% FOO.with(|f| { 
LGs assert eq! (*f.borrow(), 2); 


17% I3 
18. } 


0000011-110000040000thread local[] VODODOORefCell[] 
u32 0000000100000 FOO 0000000000000 thread LocalkKey[81 
FOOLULLUULUULUULULMUthread. localfiLIULLMCeliLMRefTCelilfiLULL 

thread[][]LocalKey [J[ III IILI with 00000000000000 
İİ İİ İİ A b Cİ İİ 
borrow mutl|NUNUNUNUNUULUZU 

000901 411LİİTLİLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLLİLİLİF oo OUOU 
OO0HOOthread local[110010000000000Loca!Keyt10000000000000 
main T1FOOLİLLLİLLİ 10001 AUDIO 

000 15111 7 IHC) FOO IBIBDULLTEI 

01000000000000000 main NDUDU E O OHOOO 
0000000000000000000000000000thread. loca NANDO 
00000000000HashMapl] 

LİLİLİLİLİLİ 


[std J J thread WOQQUUUUUU000000U0U0U0U0UUUUUUUU00 
park/unpark[]yield novlu 

stdlllthreadliliparklIHLIHLILNNLLULULULUEULEstdilthreadflill 
Threadilllunparkl OOOH park [] unpark (0000000 
ID park pm BEHHBLBLHHOLDEEUHE ELE se ETE] 
thread[ | park timeoutlIUULUULUULLULU 

000011-12000parkf]unparkf] 00000 

000011-120park! junpark! [00000 


1 use std::thread, 

2 use std::time::Duration; 

3 fn main() { 

4. let parked thread = chread::Burlder::new(i) 
Ə .spawn(|| 1 

6 println! ("Parking thread"); 

7 thread: :park(); 

8. println! ("Thread unparked"), 

9, )) .unvrap () , 

10. thread?ossleep(Dburation:?from millisil0)); 
LEs println! ("Unpark the thread"); 

10720 parked thread.thread() .unpark () ; 

15. parked thread.?oin() .unvrap() / 


14. ) 


000001 1-1 20000std timer EIL LL] Duration TİLLİLLİLLLULLİ 
0000new00000000ns000000000000000 0 from secsf] 
from millis(]100000000s00000ms4000000000A 

0004090000Builderf]000000000000000000threadfparkl] 
LİLİLİTİTTİTİTİTİTİTTİ 

100100000thread YY sleep0000000010ms000000 
parked thread[]1000000000000000000000000000000000000 
sleep[00000000000000000000000000 

00012000000parked thread[]thread[][] JoinHandle[ HOHO 
00000000 unpark (0000000000000 parked thread (0000000 


LİLİLİLİTİLİLİLİLİ İLİ TLİİLİTİİ. 
00001 1-1 200000000001 1-1 5000 
00001 1-1S00000 


Parking thread 
Unpark the thread 
Thread unparked 


00000threadf sleep 0000000000000000 parked. thread [| 
LIHLLLLLİLİLELELLthreadil [E pa rk TİLLLLİLLELLLLLLLULmainl 0000 
000000 “Unpark the thread” [|] [parked thread0 0000 
unpark T TİİİLİTİLİLLLİoinl TTiTparked thread [0000000000000 


0000/00000000ställithread 0(00000000000000000O0 
yield nowl]01101000000000000000000000000000000000000000 
SA AS 
0000000000000000000 yield. nowt]0010000000000000000000 
OO 


11.2.2 Send[|Sync 


[Rust TUTE EU 
LLlRust TİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLLLListdlLimarkerliliSend [| 
std[]]]marker[][JSyne T1LUUUUUtraitHendHsSynelillUstdUiLu 
markerf]101000000Otrait 0000000 

 000Send(][010000000000000000 00000000000000 

 0[005ync1]0000000000000000000 00000000000000 

0000Otrait00Rust000000000000000000000000000000004 
00000000 000Send0Sync[10000“00*000000000000000000000 
000000000000000000000000000000Send/Sync (0000000 
Send/||Sync (10000000000000000 

00000stdOthreadf 0spawn[]100000000000011-14000 

000011-14/ ¡spawn (00000 


1. pub fn spawn<F, T>(f: F) -> JoinHandle<T> where 
2 F: FnOnce() -> T, F: Send + "static, T: Send + "static 
Ds | 
4 Builder: :new().spawn(f).unwrap () 
9 x) 

0000011-1400spawn(000000F00000000T00000 Send OO 
static LİTİTLSendi jm b d BOT ULU ULU Lu send TTT 
send [(11000000000000000000000000000000000000000Send[] 
TD LIS en dT] 

OOstatic (1101000100000000 Ud&tstaticri i ] Bab bb D 
LİLİLİİ İLİ İLİLİTİ İLİ İLİLİTİ İİİ İTİL İİ İTİLİLİLİLİLİL İT LTLILICIE ILI LTLTCIC TC TE ALILILI 
RustiTİTTTELİTİTİ. 

IOC 
DOHNDDAre TTİTLİİATcİ NI NARCO Reg EDDBIBUIIEILI 
OTTO Are) DUTOT 

[IEEE] 1-15 [HEIL]A rc ETIT TU LIS end[]Sync[] 

08001 1-150 Arc T []]]Send[]|Sync 

1. unsafe impl<T: ?Sized + Sync + Send» Send for Arc<T> () 
2. unsafe impl«T: ?Sized + Sync + Send? Sync for Arc<T> (| 


LİİTİLLLİLTİLLLSendiiSynelllİİİLArclİTETLLLİSendilSynell 
0000000Sendi]Syncl]il traitf junsatel]10000000000000000000 
000trait0100000000000000000RustüoOstdilOmarkert]01000000 
00000000 Send]Sync[]0100000000000000000000000 000000 
11-10[][][] 


000001 1-1 600000000000000000 Send Sync 


unsafe impl Send for .. { } 

ımplxT. Yolızed” ¿Send Lor “consu T 4 j 

impl<T: ?Sized> !Send for *mut T { } 

unsafe impl Sync for .. { } 

Müpl«T: ?Sized> [Syne for “const Tİ | 

impL<T; YSized> lSyne for *mut T í | 

mod impls { 
unsafe impl<'a, T: Sync + ?Sized> Send for &'a T {} 
unsafe impl<'a, T: Send + ?Sized> Send for &'a mut T {} 


— © wes Oy Ül 15 Q bo E 


Oe | 


0000011-16000001 AAA 
Send[]Synci [IL IISendi ISynciIIIIIL IL trait IILI IILI IILI IL IL 
İTİLİTATİLİİLİLİLİLİLİLİLİLİLİLİLİLİ E] 


 impilitraitlllİLİLİLİLİLİLİLL 
“ OOtrait1000000000 


ILILI2LILILISLILILILILILISULILIGIILILILILI*const TTf“mut TO00000 
send[]]Synct piii trat T I p pnr] 


000701 000000]a T (illa mut T (00Send]000T000000 
&[ja TTHLTEDDUULUUSync pb Esengl VTT 
000000 Olja mut TOIETDULUDUUSendr Ida Send jt 
LİLİLİLİLİLİLİLİ İİİLİ İLİ İİLİ L 


Ostdililmarkerf]0000000000Send]Syncl]00000000000004 
10CellljRefCelll1000Sync0000000000000000RcO0000Sendii 
LİLİLİLİTİLİLİLİL. 

00Send]Sync[100000000000000000000000000011-17000 
LİLİLİLİLİLİLİLİLİLİLİİ? 


000011-1 7000000000000 


1. use std::thread, 
2. fn main() { 
3 let mut s = "Hello".to string(); 
4. 168 Ok Ursa A 
5 thread::spawn(move || 1 
© s.push str(” 'Rust!”); 
D )); 
8. ) 
9. ) 
000011-170000000000000000s0000000000000000000000 
IDDIE) 
LİLİLİLİLİLİLİLİLİ 


error1E03821: capture of moved value: s. 
ə: | thread: :spawn (move || | 

QU js = value moved (into closure) here 
6 | s.push str(" hello"); 


| ^ 


value captured here after move 


(OTTO e Rust 00000000 Rust DUDU 
LİLİLİLİLİLİLİLİ İLİ. 


LILİLİLİLİLİLİLİLİİLİSLİLİLİLİİLİRel1Arel T E ED Rea Send III! 
100000000000000000000000000011-18000 


0100011-1800000Rcu0O0O000 


1. use std::thread, 


Sı Wee SEON TO IRO) 
3. İn main() ( 
4. let Mit 8 = RE eg Hello”. Eo string tyi 
e yA tor . an Uses: 4 
6. Let mue s ciones = Bsclone()7 
T thread::spawn(move || { 
B. s clone. push str(" bello"); 
9. J); 
LU, ) 
LX. 3 


01000011-18000Rc10000s000000000clone[]000000000000 
LİLİT 
éertor[E0277]: the trait bound. “Stdoirc?3Ro€std::Strıinğ?:String?: 
std::marker::Send is not satisfied in  İclosure6src/main.rs: 
isa 9810 S ULOMENSTOS ira: ESB SEL secre. © 
7 | thread::spawn(move || ( 
| arar 'étdiiro::RG«Stdiistring:sString»  eannot be 


sent between threads safely 


DUT Tepawal IILI US en d QU IILI LI LISendi| 
IL RCO String dbi dSenarr dS end m bb p p UI 
LE Rer IS teimg t JOUOÖOUOOOOOOODOOOOOORCLUTOOOOOOOOOODOOOOOOUU 
LİLİLİLİLİLİLİL İL İİ İLİ İLİ İİİ İLİ İLİ İLİ İLİLİL İL İTİLİ İLİ İLİLİLİLİYİLİLİ 


LİLİRcLİTTİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİİİLİLLİİLİArcl 140000001 1-197 | 
UU 


100011-19000Arc1]10000 


de use std::thread, 


2 use Std::sync::Arc; 

3 fn main() { 

4 let s = Arc: newt "Hello". to string ():); 
s TOR. 31 06345 1 

6 let s Clone = :s.clone()7 

7 thread::spawn(move || | 

8 s clone.push SECT world:"); 

9 )) 

10, ) 

hüsn y 


LİLTTİLİ1111-1911111ArctİİİRcLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 


error[E0596]: cannot borrow immutable borrowed content as mutable 
8 | s clone.push str(" world!"); 


K X X X ƏMMM cannot borrov as mutable 


LİLİLİLİLİLİLİ İTİL İL İLİLİLİLİLİLİLİLİLİLİLİİLİ Are TİTİLİİLİLLİİLİLLİİLİLLİLİLİLİ 
LİLİTİLİLİLİLİİLİLİLİLİİLİLLLİLİCeliliRefCelll III IILI eil Her edi ] 


000000000000000000Sync000000000000011-2000000RefCell 
LİLİLİLİLİLİLİLİL. 


LLT1111-201Tİ1RefCelll 100000 


Le use S0d.:Lhrcadı 

zə use stas: synes Arc? 

3. use std::cell::RefCell; 

4. İn main() Í 

SM LƏL 3 = AEGI CES SL LS nen "Hello". Ee string UJ; 
o, Tor Em Yess d 

Ts let s ölene = ss,clone() 7 

B. thread::spawn(move || ( 

A. let S Clone = S clone.borrow Mmut.() f 
Id. s clone,push stell world!") ; 

IT; FJ 

LA, ) 

AR J 


01000011-200000RefCell00000000000000000000000 
error[E0277]: the trait bound 
"std::cell::RefCell<std::string::String>:std::marker::Sync 18 not 
satisfied 
8 | thread::spawn(move || | 
e VUV VVV A "std::cell::RefCell<std::string::String> 
cannot be shared between threads sately 


00000000RefCellStringl10000SyncO0Arc00000Synclli 
00000000000000000RefCellf]Stringl1000000000000000000000 
OUT 


11.2.3 [00000000 


00000001 1-20N000000 UU UU UA 
RusilliliMutexlTiTiLLİİLİTİLULİİ1 1-2 1000 


LLİ1111-211T11Mutexl İTİTİLİTİLTİLLİİ 


1. use std::thread, 

du use stds:synes (Arc, Mutex}; 

3. İn main() { 

4. let s € Arc:tnew(Mutex:inew("Hello".to string) )) 7 
ə let mut v = vec! []; 

6. for 29 0..9 | 

Ts Let 8 alone = palone]; 

8. let child = thread::spavn (move || { 

2. let müt 8 clone = 8 clone.lock().ünwrap(); 
10. s clone.push str(" world!"); 

ki 1); 

l8. v.pusunitchlla); 

Lə. ) 

14. Lor child any | 

195 ei td. 7oin () 4unwrapi(t); 


LG. } 
i 2 
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use Ssud:iaynot::1Arc, Mütex]: 
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use std::thread; 


fn main() ( 


€ 4 


let mutex = Arc::nev(Mutex::nev (1) ),) 
let € mütex = mutex. clone () ; 
let = Uhread:sspavnimeve || | 

let müt data = c mutes, Lock) sunwrap() 7 

*data = 2; 

PANIG! (Yeh no"); 
)).join(); 
assert eqimubex.15 polsoned( y true). 
match mutex.lock() { 

Ok( ) => unreachable! (), 

Err(p err) => { 

ler data = p srrget reri; 


println! ("recovered: {}", data); 
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118 Tilmain [(0000lock 0000000000000000000000000000lock 
OOOOUÖErrOOOOOUUUDErrOOOUUErr[] PoisonError [0000000 
get ref[]get mutf]0000000000007000000001600000dataf]0O00 
000000 “recovered{]3”[] 
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le extern Crate Tand; 

¿y In maint) 4 

3. // TODO 

4. ) 

5. fn flip simulate (target flips: u64, total flips: Arc<Mutex<u64>>) { 
6. let mut continue positive = 0; 

Ts let mut iter counts = 0; 

m while continue positive <= Target flips: | 

9. iter counts += 1j 

LU, let pro or con = rand::random|); 

11; if pro or con { 

Les Continue positive += lj 

LE. | else | 

14. continue positive = 0; 

135 ) 

16: ) 

bs pELBLLRİ ("Lier dountsr {}", LESE Colts)! 

18, let mut total flips — total flips.lock().unwrap(); 
1 "total flips += lter counts; 

Bua J 
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0000000 

0005020000000000000tip simulatel]0000000target flips 
000000000000000000 total pel IT UO total pel IT 
0000000000000000000000000000000 Arc[]Mutex[]6400000 

000600070000000continue positivelliter counts[]000000 
0000000000000 

0008016000while(]00000000000continue positivi] D Ll] 
[target flips 10000000 9 0(0000000000000000000 10 DEDE 


randi [random [11000000000000000000000000000000000000 
1101 5Q04 000000 Rust UU E b e ed E TETTE] 
rand[J[]random[][][][[Itrue[][]continue positiv III! 
LİLİ 

000180000000+total pel och! WITT 2000000000 
[DDiter counts[][]]jtotal flips[][] 
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1. extern crate rand; 

2. use std::thread; 

3. use std::sync::(Arc, Mutex}; 

4. fn main() Í 

Dis let total Flips = Arc: i new (Mutex: :new (0) ) ? 

D. let completed = Arc: :new(Mutex::new(0)); 

Ts let runs = 8; 

8 let target, Tlips = 10; 

d. for in Ü..runs { 

10. let. total flips = total flips clone); 

lla let completed = completed.clone(); 

12: thread: :spavn (move || { 

13. flip simulate(target flips, total flips); 

14. let mut completed = completed.lock().unwrap(); 
18: *completed += 1; 

18; )); 

ids m ) 

GP loop { 

17: let completed = completed.lock().unwrap(); 

20, if *completed == runs ( 

21. let total flips = total fl1ps..Lock () .unw*ap() z 
20 3 println! ("Final average: {}", “total flips / *completed) ; 
23: break; 

24. ) 

23. } 

2b. | 


21. fn flip simulate(target flips: u64, total flips: Arc<Mutex<u64>>) | 
28. // RAE 11-23. 0 i 
29. | 
00000 11-24 KIKOA total flips [] completed[]EL] 
total flipslİLİTTİLİTİLİİİcompletedi TTT 
00090170000for000080000000000fip simulate[] bli 
0001400015000000000completed!]lock[]00000000000000000 
IT 
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iter counts: 204 
iter counts: 1522 
iter counts: 1464 
ıter counts: 1460 
iter counts: 1974 
iter Counts? 425 
iter counts: 2915 
¡ter counts: 5447 


Final average: 2800 
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1. fu main() í 

2 // BR 11-24 

3 // loop 4f ZR$ 3E PLAN BS E F da va HH RR 

4 let completed = completed.lock() .unvrap() 

ya while *completed € runs {} 

6 let total flips = total flips.lock().unwrap(); 

7 println! ("Final average: []", “total Tlips / *completed) ; 

8. | 

9 fn simulate(target flips: u64, total flips: Arc<Mutex<u64>>) { 
10. // AREA 11-23 
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/root/entrypoint.sh: line 7: 5 Killed 
timeout --signal-KILL $(timeout) "Se" 


[IL Play ground TUTE main WII 
completed DODODDOOO 000 dnd nd 00000000000 000000000000 
completed[1000000main]0000000000000000000000 

Rust ]10000000000005000000000000000000000000000000 

HTITRVvLocki) 

1 std[][]sync TUTE IT RwLocki ri IRwLocki | 
TOO0Mutex[ICOOOOOOODOOOOORwLocktIT00000000O0Reader/) TİL 
[][ | Writer[] 000000 Mutex 0 TO HD O 00d do 0d 00000 000000000000 
TUTEUR Le e k[ THA 
0000000000000Mutex rir L iIRwLock[ TI IL IILI LI 0O 
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Lo 4358 Std: Syne: $ P Tue Ks 

2. En mainid) i 

Ja let lock = RwLock::new(5); 

A { 

m. let rl = lock.read() .unwrap(); 
Ds let r2 = lock.read() .unwrap(); 
Ta assert egi (”rl, ©); 

Ba asbert 60i (FEA; 27 

9. ) 

Lü. { 

Li, let mut w = lock.write().unwrap(); 
12; *w += 1; 

LS 5 assert eqi(*w, 6); 


14. ) 
15» / 


000001 1-2 7D HD Urea d EDD DID UD Liwrite[iI IILI IILI III III! 
A 000000 
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Variable) | 0000000001 1-280000000000 
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L. use EIA $ FATE, Bärrler}; 


2 use std::thread, 
3 fn main() { 
| let mut handles = Vec::with capacity (5) ; 
Ba let barrier = Arc::nev(Barrier::nev(5)), 
6 for un Us. 1 
7 let c = barrier.clone(); 
8 handles.push (thread: :spawn (move | | | 
9. println! ("before wait"); 
L8. c.wait(); 
LL s println! ("after wait"); 
12. KJ 33 
13. } 
14. for handle in handles { 
153 handle.join () .unwrap () ; 
LS ) 
Ze F 
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after vait 
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after vait 
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use std::sync::(Arc, Condvar, Mutex), 
use std: :thread; 


fn main() { 


let pair = Arc::new((Mutex::new(false), Condvar::new())); 
let Pair clone = paic.clons() 7 
thread::spawn(move || { 
let &(ref lock, ref cvar) = &*pair clone; 
let mut started = lock.lock().unwrap(); 
*started = true; 
cvar.notify one(); 
J); 
let &(ref lock, ref cvar) = &*pair; 
let mut started = lock.lock().unwrap(); 
while !*started { 
println! ("{}", started); // false 
started = cvar.wait(started).unwrap(); 
println!("()", started); // true 
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000120180000000lock[00000while(0000000000wait00000 
([main[]000000000started[]0000000truel] 
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11010000000000000000000000000000000000000000000000 
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HUOO O O O O 000000000" PU ooo 
0000000000000000000Lock-Free[1000000000000000000 O 
bus ITT zU 
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0[0000000000000000000000°00°00000000000000°00°000 
100000000000000000000000000000000000000000000000000 
100000000000000000000000000000000000000000000000000 
000000000000000000°00*0000000000000°00000000°0000000 
OOL 

: Load (1100000000000000 

: Store III 

: III 0-00-0000 

>CASJ|JCompare-And-Swapl| 000000000 


>Swap [II d 
>Compare-Exchange 1 İLIİLL/NELLL 


>Fetch-* [7 0fetch add[]fetch sub[]fetch and[]fetch orl 
LİLLİTTTİTİTİTİLİTTİTİİ 
>L 
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0 Rust (00 stdillisyncllllatomic (0000000 4 00000000000 
(JAtomicBool/JAtomicisizelJAtomicPtr [|] AtomicUsize[] 000000 
0000000000000000000000000000000000011-5100000000000 
000000000Spinlock!] [] 


00001 1-3 100000000000000000 


l. ise SEA ES Aci sare; 

2. use std::sync::atomic::{AtomicUsize, Ordering); 
3 use std::thread; 
4 fn maini) < 
Ba let spinlock = Arc::new(AtomicUsize::new(1)); 
6 let Splhnlock alone = sprulock.elousi); 
T let thread = thread::spawn(move|| { 
8 spinloek clone.store (0, Ordering: ssegüst)? 


9a Ei? 


T. while spinlock.load(Ordering::SeqCst) 1— 0 () 

Iu Ya if let Err(panic) = thread.join() { 

LS, printinl ("Thread had an errors 1:71)“, panico); 
13; } 

14. | 
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000709000spawnll000000000000Ospinlock cloneflistorell 
LİTTİLTİAtLomicUsizefli LI ILILIO[| 
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Ordering[][]SeqCst[ [TD 2 0B B DOLO rd ering TT 

LİLLİ 

1010000000000000000000000000000000000000000000000 
000000000000000°00°00000000000000000000000000000000 
01000000000000000000°00°0000000000000000000000000000 
1010000000000000000000000000000000000000000000000000 

[]std[ |[]sync[i[ atomic |] Ordering[]00000Rust(0020000000 
00001 1-s2000 

ULULUT1-321UstdiLlsyncllLlatomici JOrdering[ [1000050 
LİLLİ 


i pub enum Ordering ( 
2 Relaxed, 

3 Release, 

4. Acguire, 

2 AcqRel, 

6 seqCst, 

7 ) 
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1000000 HÖörderingliliSeqCsili 

- (000 (Ordering[ | ]Relaxed[] 

- 0(0-0000 [] Ordering [][] Release[] Ordering [][] Acquire |] 
Ordering[]|]|AcqRel[] 
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Ordering[][]SeqCst TİLLLİLİLİLELLLLLstorer HO Oloo ad III 
(100000000000000000000000000000000000000000000000000 
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10000000000000000000000000000000 0 
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HOHO 000000000000 store 0000 Release(]0000load DUU 
OAcguire[][00000000000000000000000Ordering[ JD Release HI 
00000store(00000000000000Ordering[ | JAcguiref | 0load[10000 
0000000000 Orderingi]0Acguire[]0load[] 00000 Ordering [Q 
Releasef[]store[]0000000Ordering[ | JAcgRel[ 00000 Ordering[ | 
Acguire[ | load] 000000Ordering[ MN Release store HU 
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Ordering[ leo STITT 
00000 OrderingliL Release[]Ordering[]|]Acquire[]Ordering[][] 
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[[Channelfl00000000000000000 


 Actori]JOActorl]0000000000CSPOO0000Channelfl00 
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000000000000000Golangj00000CSPOOOOOOOOOOOODO 
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esP 0010 

CSPHCommunicating Sequential Processes[]0000000000 
0100000000000000000000000000000000000000000000CSPOO 
10000000000000000000000000000000000000 0 
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csP000000000000000Javaf]Golang[]Rust[]00Rust0000000 
LLCSPTTLLLULLLLELChannell TlRustliiUlstdlllisyncllilmpseliliLiLi 
00000 Channel (000000000000000000000 OMulti-Producer- 
Single-Consumer[]MPSC(000000FIFOO0000000 Channel ll 
LİLİLİLTİTİTİTİTİTİTİTTİL 

000000000Channel 
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El 
m 


HRA 
———— BEE EERE ——UH 


FIFO H a 





011-700000000000000 


JO FIFONOnoCesP Ono Channel 000000000 NA sync HO 
mpscl 1 DOO S PEDI 


: Sender (III 

: SyncSender [|[|[ |] LI I III 

- Receiver [11000000 

Rust [Channel III! 

- DOOUChannel HLHULchannelHHULLULU(USenderl1Receiverll 
0000Channel00000000000000000 000000000000000 

- UULLMChannel [[([(0sync channel[]000000SyncSender/[] 
Receiver|| [700Channelf]010000000000000000000000000000 
000000000000000000000000Channel(00000000000000°0*00 
000000Senderl JReceiverl]000000000000 

Channelf]000000000000000Result000000000Channelff 
100000 Err]000000unwrapl]000000000000000 

000011-3300000000000Channelf10000000 


00001 1-3S000000000Channel 000000 


use std::thread, 
use std::sync::mpsc::channel; 
fn main() { 

let (tx, rx) = channel(), 


thread::spavn (movell { 
tx.send(10).unwrap(); 
+) 7 


assert eq! (rx.recv().unwrap(), 10), 
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. ) 
0000011-330000040000channe1000000000000000000000 
onotxgrxg İSİ 00000000Port0——000 0000 0 


HOU507000UspawnYOQUUUUUUUUUUUUUtxUo0UsendQu 
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0008000 main QOO00Urxg000recvQQOQ000U0U0000U000 
Channel] 


0000011-3300000000000Channel0000000Streaming 
Channel | (0000000000Rust0000000000000000SPSCO 0000 
OI 


000001 1-34 000000000Channel 00000 
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use std: : thread: 


use std::sync::mpsc::channel; 


fn main() { 
let (tx, rx) = channel (); 
for 1 Z8 D..L0 4 
let tx = tx.clone(); 
thread: :spavn (movel | | 


tx.send(i).unvrap(), 


AP 


OO © “€ O) O BEN HR 


LD, ) 

Lia for in O.«410 1 

LS: let j = rx.recv().unvrap(), 
L3. assert!(0 <= j && j € 10); 
14. ) 

15. 4 
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0000011-3400000000000 Channel! KANO Sharing 
Channel] || 


NDOO Channel OA 1-9 Dan Channel EID 
00001 1-3500000Channel 10101: 


lw ise stdo:syne:impse::syneo channel; 


2 use std::thread,) 

3 fn main() ( 

| Let (Ux, rx) = Syne. Channel (1) 3 

De tx.send (1) .unvrap(), 

6 thread: :spavn (movel | | 

7 tx.send(2) .unwrap(); 

8 II: 

2 assert SE (1%. ZEV) fd, Ly; 
LU, assert eg! (rx.reev() <unwrap(), 2) 7 


0000011-330000040000sync_chammel 00000004 
Channel 000000000010 


LİTTƏLİLLİLİLİEExTİsendiTiLiliLiChannellİTTİİİTLİ 


000 ere TİTİLİ spawn DBBBBUBBBBULULU tx OUUUUOOOUOOL 
Channel 000000001 UDUUOUOUDUDDUDOUOUDUDDDUUOUOU 
Channel TTT 


0009000100000000rx000Channelf]000000rx00000000000 
OOL 

Channel || | 

0100000000000000000000011-561 

000011-360000000Channel[ |] 


ie use std::thread; 


5 use std::sync::mpsc::channel, 
3 fn main() { 

4 let (tx, rx) = channel(); 
Su Lor 1 18 Uara 4 

6 let tx = tx.clone(); 

7 thread: :spawn (move || | 
8 tx.send (1) .unwrap () ; 


d Kİİ 
(Bug 


LI. /4 drop (tx); 
12, for j in rx.iter() { 
134 println!481:21", I); 


14. ) 
Lor J 


000001 1-3600000rxHiterQ MUUZA 


/root/entrypoint.sh: line 7: 5 Killed 
timeout --signal-KILL Ş(timeout) "SG" 


LA N ad» FP 


0000000Playground[(]10000000000000000040000000 
entrypoint.sh[]101000000000000000011-36000000000000 
100000000000000mainl0000000400000000000main000U 
01000000 OrxLiter]00000000 AOA 
TITTEN en e (UNUNU main (00000000 tx DUT 
A UDO 
dron IL ex pn rt 1-36001 10000000 
10000000000000011-537000 
000011-370000000Channel[[] 
I» use std?:sync?:mpsc:ichannel, 
2. use std::thread; 


3 fn main() { 

4 let (tx, rx) = channel (); 

5: thread::spavn (move ll ( 

6 tx.send (1u8) .unwrap () 7 

7 tx.send(2u8).unwrap(); 

8. tx.send(3u8).unwrap(); 

9. II: 

LÜ, for x in rx.iter() 1 

UL, println! ("receive: 1)", x), 


L2. ) 
L3; 3 


LİLİTİLİ1111-3 7ULİLLİLLİLİrxLEterl nun nunun ITT 
100000000000000000000000000011-36000000000 0000000 


11-37 00000000 000000 Sender TİL Senderf]000000tx 000 
spawn[]00000000000dropiIdropll0O0Otx[]00drop channel 000 
O0 0[DISCONNECT[ Channel[ |) Channel iLUULULUforUULULtxu 
clone KON Channel 00000tx0000000000000000000000 
Channel[H0000000000000000O00UOOOOOOOUOOOOOOOOOOOOUL 
sPsC0000000000000000000000000000000000000000000000 
0000MPSC000000000000000000000000000000000000000000 
ITT hanne 000 

LLULULSPSCLLMPSCLİLLUUULLChannell TTT 
00000 000000000000000000000000000000000000000000000 
00000000000000000 

(Channel 100000 

00000000Channel'[00000000000000000000000000000000 
000000000000000000000000000000000000000000000000000 
00000000000000000000000000000000000°000°00000000000 
000000000000000000000000000000000000000000000000000 
0000 

000000000000000°00*00000000000000000°000°0000000 
0000000000000000000000000000°00°0000000000000000000 
000000000000000 UProof of Work[]PoWT[][] 

000000000000000000000000000000000000000000000000 
000000000000000000000 E] 

 0000000000000421] 

 00000000000000000000000042000000000Hashf000000 
000000000 00000 [00000000 °00000*[00000000000000000 

 0000000000000010000000000000000000 

00000000000000000000000000000000000°000*00000000 
0000000°00000*0000000000000000000000000000000000000 
00000000000000000000 

00000Rust0000000000000000000000000000 E] 

- 0000000000000 


“ LIBODODOBOHDUOOUUUCIUICIE channe! HAAA 
0100000000000000011-8000 


MPSC Channel 





[111-8000000000000000 
0000000000000000000000000000cargo new--bin pow || 
000000000000000000000000] 9 — UE Hass h Irust-cryptol]1000 
LILILILlitertoolsfiililiCargo.tomli NANA 1-38000 
00001 1 -38[ ]||Cargo.tomly | || | [ pjpnust-crypto[ Jitertools| | 


l. [dependencies] 
2.  itertools = "0.7.8" 
3. Trust-crypto = "^0.2" 


man, rel HOHO 1-359 rf] 
ULLUT1-3911Limain.-rsi | Jrust-crvptol litertools 


// extern crate itertools, 
// extern crate crypto, 

use itertools::Itertools; 
use crypto::digest::Digest, 
ervptos (SİZ en 55258 
use std::thread; 


use Stdsisyvnet:(npse, Are}; 


© vl ÖY Te W (9 HL 
C 
u 
(D 


use std::synes:atomic: »1AtomicBool, Ordering]; 
9. const BASE: usize = 42; 
10. const THREADS: usize = 8; 
ll. static DIFFICULIY: &'statıc str = "00000"; 


lže Struct Solution lustze, BEring) y 
0000011-390000010200000rust-cryptofl]itertools[]10000 
000000Sha256[]O000Rust 201 8000001 000200000 


LEODer epp p I:MPSCTTArernm E L'A temi e Pool UI 
LİLİLİLİLİLİLİL İLİLİİLİLİL. 


00090001 ODICITIEIEIEIEIEILIBAS ENT FİREADSİTİİLLİİLLİLİLLİLİLELİLLU 
LİL14:2İİLTLİLİLİLİLİLİLİLİLLİLİLİLİLLİ 


01001 10000OOOOOOOOOOUDIFFICULPYOOOOOO00000° 00000 
01000 ODC 


0001200000Solutiontusizef]Stringl10101000000000000000 
(OUT 


0100000000000000000000000000000000011-40000 
00001 1-40[[ [main.rs[[00000uerify 


// KE 

fn verify(number: usize) -> Option<Solution> ( 
let mut hasher = Sha256::nev() 
hasher.input str(& (number * BASE) „to string()); 


let hash: String = hasher: result strQO: 
LE Bap BLAS WLLBODGLEFTICHIBTET) 4 
Some (Solution (number, hash) ) 


else { None | 


> © € Oy Gs Ce N Pr 


, 3 
000011-40000000000000000usizel]0000numberl 0000 
Option[|Solution 11110000000000000000000000 


000305 000[Orust-crypto (000 Sha256 (0000number || 
BASE [([00Hash hash(000000String[ 000 


0006080000String00000Ostarts with DUDU hasha 00 
DIFFICULIYO0000000000000000Somel[]Solution[]number]] 
hash]0000000000None[] 


010000000000000011-41000 
HLLLu11-411Timain-rsi [00000 find 


1. // E 

2 fn find( 

3 start at: usize, 

4 sender: mpsc::Sender<Solution>, 

In is solution found: Arc<AtomicBool> 

0. ) 1 

7 tor number in (start at..).step (THREADS) 4 

8 if is solution found.load (Ordering: :Relaxed) { return, | 
9 if let Some(solution) = verify(number) { 

10. is solution found.store(true, Ordering: :Relaxed) ; 
dek, sender.send(solution).unwrap(); 

kaş return, 

135 ) 


0000011-41 TiHfind (1000000000000000start at (000000 
0000000sender "Channel HHUUULUELUmpseliLSenderl1iSolution 
1000000 Solution [1B [UD [] Channel [1E E] B B D] E] L 
is solution found [11110000 Solution/(100000000000000000 
000000000000000000000 0 Arc[]JAtomicBool[ J| 

0007000000000000000start atTiULLİLTTFREADSİULLLLULLU 
OO000000O00OO00OTAREADSII00000000000000000000000000000 
HO 

uuLusuuLikiloadlLELuLLiLis solution foundQQQ0UU00U000 
true HOHO dd 00000000 0000000000000 Ordering [T 
Relaxed[] (110100000000000000000004nd(10000000000000000 
000 

00020130000verity(100000000numberl]000000000000000 
[]store[]|]lis solution found ITT true[10000000000000000000 
0000 solution TİL Channel (11000000000000000000000000000 
00000 


0100000000000011-3000 


0, 1, 2, 3, 4, 5, 6, 7, 8, 9, ..... 


thread1 
thread2 
thread3 
thread4 
thread5 
thread6 
thread7 
threads 


0, 
1, 
2, 
3, 
4, 
5, 
6, 
7, 





[111-20000000000000 


III 


1011 Çİ) CO 


00000mian000000011-42000 
000011-42[Jmain.rs. İLiLimaini Tİ 
// SE 


fn main() { 


} 


println!("PoW : Find a number, 


GHA256 (the number * f)) == N"İ),,.,..,. M ú BASE, ULEPICOLI YA? 


printin! ("Started {} threads", THREADS); 
println! ("Please wait... "); 
let is solution found = Arc::nev(AtomicBool::nev (false) ); 


let (sender, receiver) = mpsc::channel (); 


for i in D..THREADS A 
let sender m = sender.clone(); 
let is solution found = is solution Touma clone (js 
thread: :spavn (move || ( 
1180. (1, sender n, 18 Gölütloh found); 
1); 
} 


match receiver.recv() { 
Ok (Solution (i, hash)) => { 
printin! ("Found the solutions "y; 


println! ("The number is: {}, 
and hash result 18 E 4k "U, I, Nash)? 
), 


Err( ) => panic! ("Worker threads disconnected!"), 


000001 1-4:2TİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİİLİLİLİULLİULİİ 
HUO ooh 


000 7 000 8 (000000 is solution found [OOOO Channel[][] 
[lis solution found HOHO false 


000901 SHOO TA READ SHOO 
IILI o fad L LIILILI LIL OOO 


0001 6r 23 Dp D]receivert recvi UU mani IL IL IL IL II] 
0000000000000000000000000000000000000000 


LİLİLİL İLİLİL İLİLİLİLİ" İT İL İLİLİLİLİİ İTİLİTİTİLİLİ cargo run İ İLİLİLİİ İLİLİLİLİLİLİ?? 
0001 1-43 00 


00001 1-4 3000000000000 


PoW : Find a number, SHA256 (the number * 42) == "00000...... li 
Started 8 threads 
Please walt... 
Found the solution: 
The number LS: 834312, and hash result 1s 
00000a31988438c179097b2753c509b1152014b5470d3c77facedc5 73411343394. 
HUOT OUT HUOT) 
- HOUUUUUUUUUUUUUUL 
“ LİLİLİTLTİTTİTTİTİ 


* LİLİLİLİLİLİLİLİ İLİ İLİ İLİLİL İLİLİLİLİ İL İLİLİ İLİTİLİTLİLİ 
11.2.7 1000000 


(Rus OOOH IILI Ce HET TEE RefC e| TE 
LİLTLİLİLİLİTİLİİ1 1-44 Mutezi 00000 


0001 1-44||¡Mutex 000 
1. pub struct Mutex<T: ?Sized> { 
ia inner: Box<sys::Mutex>, 
2. poison: poison::Flag, 
4. data: UnsafeCell<T>, 
ə ) 


0040001 1-44 100000 Mutex[[TIDOUDODOUDinnerljpoison|] 
data HI inner (00000000000000 API [] sys[l0lMutex[]poison (| 
00000000“00”Odata 0(0000000000 UnsafeCelllTTTi (00000000 
000000UnsateCellffT00000 


0000 Cel TOM RefCellETHLMRvLocklİTULUUULUUU mpselil 
sender [10000000000011-45000 
HLLLU11-4511Celli fTTTURefcC elli |T| TİRvvLocki |T000000 


d 
2 
3 
4. 
Ks 
6 
7 
8 
9 


14) 4 
Ld y 
12. 
L5. 
14. 
13. 
LB 
id x 
L5. 
19. 
SH, 
Zu s 


pub struct Delle | 
value: UnsafeCell<T>, 
} 
pub struct RefCell<T: ?Sized> { 
borrow: Cell<BorrowFlag>, 
value: UnsafeCell<T>, 
} 
pub struct RuLOCK€T: 281zed> 1 
inner: Box<sys::RWLock>, 
poisons poison::FLag, 
data: UnsafeCell<T>, 
} 
pub struct AtomicBool { 
v: UnsafeCell<u8>, 
} 
pub struct Sender<T> { 
inner: UnsafeCell<Flavor<T>>, 
} 
pub struct Receiver<T> { 
inner: UnsafeCell<Flavor<T>>, 
} 


00000 11-45 00000000000000000000000 U nsafeC ell TO] 
LILILILILLLMUnsafeCelll TFU 1 1-4 6L 00 
HLULLU11-4611UnsafeC elli JT TİHLL 


#[lang = "unsafe cell"] 
pub struct UnsafeCell<T: ?Sized> { 
value: T, 
) 
impl<T: ?Sized> !Sync for UnsafeCell<T> {} 
impl<T: ?Sized> UnsafeCell<T> { 
pub fn get (&self) -> *mut T | 


Os) Oy UT A C N ka 


&self.value as *const T as *mut T 


) 


LO 


R. 
unm ii-46nnUnsatecellr TED DD DD DD DD Lang 
Item] 1000000000000000004 
000s000UnsateCellT00000Sync(]0000000000000000000 


UnsateCell”T000000000 7 000 $ 0000 get 00000000000 
UnsafeCelll TIN TODO Raw Pointerfilillgetli 
LİLİTİLİLİasi TUUU “counst T 00000*mut T [| 


00000 Rust UU 
00000000000UnsateCelllf100000000000UnsateCelllfT000000 
0000000 Rust 00000000000000000000000UnsateCell OTT 
LİLİLİLİLİLİLİLİL İİİ? 


000000000000000000000000 UnsateCellfT000000 Rust) 
LİLİLİLİİİLİLİLİ 


11.2.8 [UL 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL O DO TLİ İL İLİT İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
LİLİLİLİL İİ İLİLİİ İİİ İLİLİLİİ İT İLİLİLİLİL İTİL İT İTLİLİL İT İLİ İLİLİT İT İLİLİLİLİL İT İLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİL İL İLİLİL İLİ İLİ İİ İİ İLİ İLİ İİİ İL İL JE TC TC LL 


III III 

* LİLİLİLİLİLİLİL İİ İLİ İLİ III 

- LİLİLİLİLİLİL İLİ İLİ İİİ İLİLİT İLİLİLİLİL İT İİİ İLİ ILL TC TCI IL TC TL ILI 

- LİLİLİLİLİLİLİL İL İLİ İL İLİLİ İİ İTİLİL İLİ LİLİT İİ İLİLİT İLİLİLİT İLİ İLİLİL İLİLİLİLİLİİLİ 


* LİLİLİLİLİLİLİL İL İLİ İLİLİLİLİL İT İT İLİ İLİLİLİLİL İT İL İLİL İLİLİLİL İT İİ İLİ İLİLİLİLİLİL LİLL? 
LİLİLİLİL İLİLİL İLİ İLİLİLİ TİLİ TLİİLİ 


000000000threadpool İİİ 00000000000Rust0000000000 
LİLİLİLİLİLİİİLİ İLİ. 


` DUDU pu Builder 0000 
III III III IH 


` 0000000000000O0mpscl]Ochannell000000000 
* LİLİLİLİLİLİLİT İL İLİ İLİ İLİLİL İT İT İLİ İLİLİLİLİL İL İLİLİ İLİYİLİ 
10000000000000011-10000 


MPSC Channel 
» thread 1 


» thread 2 


thread pool > thread 3 


> thread 4 
spawn_in_pool 





[111 -10000000000000 
HLcargo new--bin thread pool /I1ILLELLUthread pool[][] 
Cargo.toml[]010000000num cpus(]0000000011-47000 
0[00011-47[00Cargo.toml[ [| num cpus] 


1. [dependencies] 


2. num cpus = "1.8" 


1000011-470000num. Cous ITT PUL 
LİLİLİLİLİLİLİLİİ İİLTİLİ 


[jmain.rs İLİ İETİLİİİLİİLİİİLİ11 1-49 THE] 
000001 1-48[ main. rs 0000000 


1. // extern crate num cpus, 

2. use std::sync::mpsc::{channel, Sender, Receiver}; 
3. use std::sync::{Arc, Mutex, Condvar), 

4. use std::sync::atomic::{AtomicUsize, Ordering}; 
5. use std::thread, 

om brait EnBox + 

Ta in call box(sell: Box<Selt>) ; 

B. ) 

9. impl«F: FnOnce()> FnBox for F { 

LU, fn call box(self: Box<F>) 4 

bl, (*self) () 

12. ) 

de | 


14. type Thunk<'a> = Box<FnBox + Send + 'a>; 


0000011-480000num cpus(00000000020000channel[] 
Senderf]Receiver]0000000000000000000S0004000O0Arc[] 
Mutex[]Condvarf[JAtomicUsize[]0000000000520000thread[]O00 
LİLLİTLİLİLİİLİLİTİTİTİL 

000000000601s00000FnBox traitlililFnOncefllililililil 
trait[]]] call box [|| III II lfeature|lfnbox]]] 
0[000000000600000 

0100140000typell000000000000000000 

0000000000000000000000000000000000000000011-491] 
LİLİ 

000011-49[Jmain.rs[ [[ [Thread PoolSharedData[ ||| 


1. // de E 

2. struct ThreadPoolSharedData 1 

Se name: Option<String>, 

4. job receiver: Mutex<Receiver<Thunk<'static>>>, 
D empty trigger: Mutex<()>, 

6. empty condvar: Condvar, 

Ts queued count: AtomicUsize, 

8. active count: AtomicUsize, 

9. max thread count: AtomicUsize, 

IN. panic count: AtomicUsize, 

ll, stack size: Optien<usize>, 

12. | 

13. impl ThreadPoolSharedData { 

14. fn has work(&self) -> bool { 

15. self. queued count..load (Örderingi:Seğgcst) > 0 
LO ; || 

17. salf.actiye count.load (Ordering: :SeqCst) > H 
18. } 

19. fn no work notify all(&self) 1 

20 1f lself.has werkl) 1 

zı *self.empty trigger. lock 1) 

22. «expect ("Unable to notify all joining threads"); 
22. self.empty condvar. notify alli); 

24. ) 

295 ) 

20. 3 


00001 1-49N0000ThreadPoolSharedDataN000000020120 
IILI IILI IILI III 

“name UU! 
Option[]String[ III 


' job receiver [0000000 Channel (000000000rx00000 
Mutex[]Receiver[]Thunk[]staticQQ00000U0U0000U0U0U0UReveiver 


(Thunkf iliistaticliiHHHELULNEULENELELEEREEEREUELELEThunkliri 
static[|[[]Box[]FnBox+Send-+[]static[]00000000000000 

- empty trigger (empty condvar TU Mutezi 0000 
Condvarf]10000000000000000000join0000000000000000000 

- queued_count [Jactive_count OU 
0000000000000000O0O000LUDAtomicUsizel ITT 

- max thread count [[1110000000000000 

: panic count [H00000000000000000000000000 
AtomicUsize[]000000 

Stack size [[[0000000000000000000 Option Jusizel ML 
00000000000008 MBL 

00014018000ThreadPoolSharedData|[0has work INN 
queued count[][]O[]active countf]000000000000000000 

000190250000 no work notify all(0000has work[]00000 
udi iilii iilii 
empty triggerl1000000empty condvarf ]notity all BED 
010000000000000000000oin]00 

000000000000000000011-20000 

000011-5010main.rs! TiLİVhread Pooli IL 


1, ff RE 

2. pub struct ThreadPool { 

Ji. jobs: Sender<Thunk<'static>>, 

4. shared data: Arc<ThreadPoolSharedData>, 

Bu d 

6. impl ThreadPool | 

T, pub fn new(num threads: usize) -> ThreadPool { 

Q Builder::new().num threads (num threads) .build() 

I ) 

19, pub fn execute<F>(&self, job: F) 

dch s where F: FnOnce() + Send + 'static 

Lë, { 

125 self.shared data 

14, .queued count.fetch add(1, Ordering: :SeqCst) ; 

15, self.jobs.send (Box: :new (job)) 

16. «expect ("unable to send job into queue."), 

135 ) 

18, pub fn join(&self) { 

19, if self.shared data.has work() == false { 

20. return (); 

EL ) 

WA let mut lock = self.shared data.empty trigger.lock().unwrap(); 

23. while self.shared data.has work() { 

24. lock = self,shared data 

dö: «empty condvar.wait (lock) .unwrap() ; 

2b. ) 

Gef 

28. | 
01000011-5000000ThreadPool[]1100000205000000000000 

UL 


‘jobs (0000 Channel QOUUUtxQUUUUU0000U0UUUUUU00U 
Sender 1Thunki fistaticllLiLiLL 


- shared data | 700000000000 Ardi 
ThreadPoolSharedDatal |] 


LİLİT71191İLLLİİİnevvl TITTEN 
HU 


000 101117 00000 execute 00000000000 Channel (0000000 
HAtomicUsizelifetch add[][][]nguneued count[]00000000000000 
1000000 

0001502700000join0000000000000000000000000000000 
10000190210000000000000000000000000 220000 
shared data[]|]empty trigger[1100000000023(0126[0while[]000 
0000000000000000000000000 empty. condvari wat OO 
00000000000000notity all 

0000000000000000Builderl]000build[]000000011-51000 


000011-5100main.rs[ | |] Builder (100000 


1. // SE 

2. #[derive (Clone, Default) ] 

3. pub struct Builder { 

4. num threads: Option<usize>, 

S. thread name: Option<String>, 

6. thread stack size: Option<usize>, 

fe) N i 

8. impl Builder ( 

du. pub fn nev() -> Builder { 

10. Builder ( 

11. num threads: None, 

12. thread name: None, 

13. thread stack size: None, 

14. ) 

19; } 

16. pub fn num threads (mut self, num threads: usize) -> Builder { 
17; assert!(num threads > 0); 

18. self.num threads = Some(num threads); 
19. self 

20 ) 

zı. pub fn build(self) -> ThreadPool ( 

22. let (tx, rx) = channel: :<Thunk<'static>>(); 
23 let num threads = self.num threads 

24 .unwrap or else(num cpus::get); 

29 let shared data = Arc::nev(ThreadPoolSharedData ( 
26 name: self.thread name, 

27 job receiver: Mutex::nev(rx), 

28 empty condvar: Condvar::new(), 

29 empty trigger: Mutex::new(()), 

30 queued count: AtomicUsize::nev(0), 
31. active count: AtomicUsize::nev(0), 
32. max thread count: AtomicUsize::nev(num threads), 
33. panic count: AtomicUsize::nev(0), 
34 stack size: self.thread. stack size, 
35 )); 

36 for in 0..num threads ( 

37 spawn in pool (shared data.clone()); 
38 } 

33; ThreadPool { 

40. Jobs: tx, 

41. shared data: shared data, 

42. ) 

43. ) 


Hə 
„> 
kingid 


0000011-5100000Builder00000000000O0num threadsf[] 
thread name[]thread stack size(00000000000000000000000 
00000000000005070000 


0009015000Builderl]00000new]0000000000000Nonel[] 
Builder 


0001602000000num threads[]1000000000000000 
0002104300000build000000000000000000220000 
channel[1000000000000023000240000num threadsf]0000000 
000000000000num cpus[]0get0000000000CPUOOOOO00252035 
00000000ThreadPoolSharedData[]0000000Arc(100005603800) 
0000num threads[][0000000000000spawn in pool[00000000 
00000590420000000000007ThreadPoolf00 
000011-52000spawn in poollj II LI II 
000011-520spawn in pool] 100000 


1. // RL 

2. İn spavn in pool(shared data: Arc<ThreadPoolSharedData>) { 
3. let mut builder = thread::Builder::new(); 

4, if let Some(ref name) = shared data.name ( 

Ja builder = builder.name (name.clone()); 

6. } 

da if let Some (ref stack size) = shared data stack size | 
8. builder = builder.stack size(stack size.to owned()); 
9. | 

10. builder.spawn(move || ( 

il. let sentinel = Sentinel::new(&shared data); 

12. loop { 

15. let thread counter val = shared data 

14. active count.load(Ordering::Acquire), 

15. let max thread count val - shared data 

16. .max thread count.load(Ordering::Relaxed) ; 

IT, if thread counter val >= max thread count val { 
18. break; 

19. | 

20. let message = { 

gl: let lock = shared data.job receiver.lock() 

22. «expect ("unable to lock job receiver"); 
Z3, lock. recv () 

24. hi 

25. let job = match message { 

26. Ok (job) => job, 

ais Err(..) => break, 

28. J; 

29. shared data.queued count.fetch sub(1, Ordering::SeqCst) ; 
30. shared data, active count.fetch add(1, Ordering: :SeqCst) ; 
3li job.call box(); 


32. shared data, active count.fetch sub(1, Ordering::SegCst) ; 


04 shared data.no work notify all(), 
34. } 

35; sentinel.cancel(); 

36: )).unwrap(); 

31. | 


0000011-52000309000[ shared data [|000 name [| 
stack size[]100000000000000 thread TİL Builder [new (1000 
000 main.rs HULLBuilderli 

ULLT011361İLLLEbuilder.spavvnlİLTİLLLLULLİ 

00011000Sentinel00000000000000000 

000120540000loop00000000000000000000000000000000 
13500014000000000000 active. count[]0000load[]000000000 
Ordering[][]JAcquire[][][]load[]HLILILILILI DLE] D active count III 
000000 15 000 16 HELL max thread count (000000000 
Ordering[ | [Relaxed[]0000max thread count[]0000000000000 
LİLİLİLİLİLİLİLİLİTİLİTLİTİLİİ 

000170190000000000000000000000000 

0002002400000job receiver(]000000recv(]1000000000000 
1000000 

00025[]280000matchf 0 Omessagel]00000000000 message 
LİLİLİLİLİLİLİİLİTİTİİ 

0002900030000shared data] Jqueued count 1 90000000 
LIHLLILILINLIILILINLILILILILILILINLLİLİTiLactive countlillfetch add[] 
101000000000000000000000000000000000000010 

0005100000Gjobfcall box[]01000000000 

0005200000000000 active countf]1000000000000000000 
LiL) 

000 33 000000 shared data [] no work notify all (00000 
ITT wait 000000 0 0 0 0 gd 0000000000000 

[I 135 O cancel Tililisentinell NAO 

O00001 1-53 T] Sentinel] lit 


000011-530Sentinel[ (000 


1. //4k E 
2.. SLEEUGE DEn Linelis ta 4 
3% shared data: &'a Arc<ThreadPoolSharedData>, 
4. active: bool, 
SAA 
6. impl<'a> Sentinel<'a> { 
Ts fn new(shared data: s'a Arc<ThreadPoolSharedData>) 
8. > beHntinele'a» | 
9, Sentinel { 
19: shared data: shared data, 
TT. active: true, 
L2, } 
12, ) 
14. rn canceldimut selt) 4 
15 4 SELI saetive = false; 
16. ) 
Lü ] 
18. impl<'a> Drop for Sentinel<'a> { 
19; fn drop(&mut self) { 
20. if self.active { 
sl. self.shared data.active count 
22» fetch sub(l, Ordering: :SeqCst) 7 
Ea if thread::panicking() { 
24. selr.sBarsd sata pañle count 
25 % fetch add(l, Ordering: :seqCst) ; 
26. } 
car selr.shared data.no work notify alli); 
28. Spawn in pool (self.shared data.clone () ) 
29. ) 
SP } 
al. J 


00000 11-53 (0000 205 0000 SentinellillaliTİHHHLLLULL 
shared data[]active[][][][]]]]&[]a ArclfThreadPoolSharedDatall 


LiboolfTİTİTLİİLİLİLİİLİLİİLİLELİLİLİshared. data[]111000000000 
LitlllactivelllİTiLilltruelllİİLİLİLİLİLİLİLİLİLİLİLİEİLİLİTalselliİLİLİLLLLLLU 
III 


000601700000newf]cancel[]00000000Sentinel0a000000 
activel] | Ifalse[] 


00018030 pon Sentinel el Tool III II IILI IILI III 
HBDOBEBBHOUU EE 1-92 000 Sentinel at D Ba ib B DELE ODECECL CT 
dropLD Sentinel Tal TU itruel ji IILI IILI I I 
1000000000002 10250000 


000210002200 active count 1 UU 
23126 TILLİLİ threadlllipanicking (100000000000000000000000 
00000 panic count 1 000027000000 shared data |] 
no work_notify_all [I ILLILILILILIL LI Iwaiti |] LL LIL IL IL I I II IL IL ILILIL 
00000000028000000spawn in pool OOOH 


0100000000000main10000000000000011-24000 
000011-54[0mainf/11000000 


rn Maini) 4 


let pool = ThreadPool::new (8); 


for 17 Ul 4 


1 
2 
Ju let test count = Arc::new(AtomicUsize::new(0)); 
4 
5 


let test count = test count.cloftelu; 
6 pool.execute(move || 1 
ə test count,retch add(l, Ordering: Relaxed); 
8% J); 
9. } 
Li, pool. Join AE 
Ls assert eq: (42, Test count. logd(OrOC6ring+:Relaxc6d)); 
1244 3 


000001 1-54 0000 bread PoolE]EnewTr]8 idi ep ub 
000020000 
HUO SOO [test count NAA 


000409000004200for[]00000pool.executef test count[]1[] 
LİLİLİLİTİTİTİTİTİTİTTİL 


00010000 0pool[joinf]000main11100000000000000 
0001100000000 test_count 00000421: 


AS A İ İT İİ İLİLİLİLİLİİ İT İTİLİL. 
LİLİLİLİLİLİİLİLİİLİİRusit ununu uyun 


11.2.9 ((Rayon! [10000 


Rayon !2! 77700000000000000000000000000000000000 
OUHU0Rayonllu00000000 


“ LİLİLİLİLİ LİTİLİTİLİLİTİTLİTİLİ TİL. 

` Join! WO 000000000000000000 
UNUN 1-59 D UD UT Rayen p II! 
LLİİ1111-551111Rayonl 00000 


1. extern crate rayon; 

2. use rayon::prelude::”, 

3s In sum of squares (Input: &[132]) => 132 | 
4. input.par iter().map(lsil i * i).sum() 
B. 1] 

6. En increment allılinputs émut. (1321) 4 

Ts Input «par iter mutí().for each(|pl *p += 1); 
Ba ) 

9. th maın 01 

LU. led w = [Ly typeby Es By Op 148, Pl] $ 

11; let r = sum of squares (&v); 

12; pEratln! ("La 217 

12. LSE müt yo [Lats Dista isi, 1] 4 

14. increment all(&mut v); 

15; princin! (”12721” + wj; 


000001 1-5509000010002 0000000 re y en Ep retud eL ITT? 
L5LİLLİLLİsum, of squaresiiLİİLiiLilipar iterifİTTİTİTİLİRayonl 
LİLİLİLİL İLİLİL İLİ İLİ İLİ İLİLİL İLİTİLİİLİLİLİLİL? 


HUUSOU8000UUincrement_allQQU0UU0Upar iter muti UI 
Rayonl10000000000 


([main/]00000000sum of squaresllincrement all]0000000 
0000001 1-56000 


00001 1-560000000000 


385 
iH. So H8. by Ge Ve 8, 9; 10, 34] 
00001 1-5 7DBIEIEIE or 000000000 
0001 1-5 7L 0E Cei 0000000 


1. extern crate rayon; 


2 En Lrbibn:.u32) > 132 1 

3 LTE n 2.4 return nS 4j 

4 let (a, b) € rayon::join( 

Bs || ELBA = l1), [1 aban. 2 
6 ) ; 

7 atb 

8 } 

SM fn main() ( 

bu. let r = fib(32), 

113 assert eq!(r, 2178309), 


iu. ] 


0000011-5700000208000046000000000000000000000000 
OOrayonllljoin]1010000000000000000011-1 1000 


İmləlalsls fraf21/30]55 





[111-11000join0000000000000000 


ona DDD dnb Rayon İTİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİL 
HO Rayon 00000000Rayon 000000000000000 0Work-Stealing[] 
LİLİLİLİL İF İLİLİL İİİ İLİLİLİL İT İLİLİLİLİL İTİ İTİTİLİL İT İL İL İLİLİT İTİLİLİLİLİL İTİL İL İLİLİL İLİ İTİLİLİLİ 
LİLİLİL İLİ İLİLİİ İİİ İİLİLİİ TT İİLİLİLİL İTİL İLİİLİL İT İLİLİİLİT İT İLİLİLİLİL İT İLİLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İİ İLİLİL İİ İİLİLİİ Tİ İİİLİLİLİL İT İL İLİİLİL İT İLİ İLİLİT İL İLİ LİLİT İTİL İL İLİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİLİLİ İLİLİLİLİLİLİ” OUUU” D 


00Rayon(]1000000000000O0rayon-demof]100000 
11.2.10 [||Crossbeam 


Crossbeam [11000000000000000000000000000000000000 
LİLİLİTİTİTİTİTİTİLİTİTİTİİİ 

0000 stdlllisync (00000000 C++11 000 Consume (00000 
O00O0AtomicConsumel[ | 00000 DArc[jArcCell[] 


 0000thread[]00000000000000000000000Scoped 0000000 
HULLCachePaddedliLu 

- IOOMPMC[ Channel TTT 
HLLLUUMS-QueuelULULULUTreiber Stack{][] 


- QUUUUUUUUUUUUUUUUUUcrossbeam-epochUQU0000000000 
(LL 
Epoch GCODEODO DO O gd 00000000 000000000000000 Hazard 
Pointer[JHP[]JJQSBR[]Quiescent-State-Based Reclamation|[][][] 
HR 

OOOOULI 

Crossbeam || crossbeam-utils [] [] 0 0 0 0 AtomicConsume 
Lrait[|I ILILILILILILILILIL trait [II IILI Consume ”TTİTİELLİ 
HUN Consume’ 00005 C++ III III IILILII-LIIII DELLELL-U 
10000000-00000000000000-0000000000000000000000-00000 
00000000000000000000000000000000 ARMMAArcha64 000000 
1000000000000-00000 

[|] crossbeam-utils [0000000 std [] [] sync [] [] atomic [] [] 
AtomicBool [| AtomicUsize LJ [] HE] HB] E] J E] trat E] E] E] B] E] L] 
load consume ID D p p 


0000 crossbeam-utils NULNULLULUUULU AtemicC ell 
0000000CelgT0000 


[0Scopedl [1] 
000000000000000000000000000000000011-58000 
000011-5800000000000000000000 


1 fn main() { 

2 let array = [1, 2, 3]; 

oe let mut guards = vec! []; 

4 for &1 in &array { 

D let guard = std::thread::spawn(move || { 
6 


println! (“elements 117, 217 


Fa )); 

8. guards. push (guard); 
ə. ) 

Lü. for guard in guards { 

LL guard.Toint) unwrap O); 
12; ) 

Le J 


0000011-58000for(00000008100000000000000000000000 
010000000000000000000000000000 

Crossbeamf 1000 Scoped1]00000000000000000000000000 
1111-5900) 

000011-59 lCrossbeaml || Scopedf |] 


1. // extern crate crossbeam, 

2 use crossbeam::thread::scope; 

3 fn main() ( 

4 let array = İl, 2, 3]; 

va scope(|scope| { 

6 for 1 in &array { 

7 scope.spawn (move || í println! ("element: {}", i))); 
8 ) 

9. J); 

LU. A 


00000 11-59 00000 1 00 Rust 2018 O000000000 
crossbean |[]thread[][]scopel110000000scopell000000000000 
scope[]00000000000000000000main]0000array[]10000000 

00000000scopel]000000000Scopel]00000000000000000 
join(10000000000000000000 

0000000000000 

000000000000“000000*000000000False Sharingi| (10000 
00000CPU0000000000000000000000000Cache Line[]0000000 
0000000000 64 0000000000000000000000000000 L1 0000000 
0100000000000000000000000000000000000000000000000 


101000000000000000000000000000000000000000000000 0 
101000000000000000000000000000000000000000000000000 0 
101000000000000000000000000000000000000000000000000 0 
LİLİTİTİTİTİTİTİ 

1010000000000000000000000000000000000000000000000 
000 Crossbeam [| 0 O0 CachePaddedilTİUUUNILUNLUHUHLLMH 
[Padding (00000000 

[}Crossbeam OOOH 
crossbeam-degue[]00000000000000000000000 

OOMPMC Channel 

Crossbeam [| OD O L] L] L] std [] [] sync J O mpsc [] 7 0 U MPMC 


Channell ITU) mpsc [Sender [Receiver [111] 
uLUSyneliUUCrossbeamlillUUMPMC Channell1Senderl1Receftverll 


LL lsynell 


NOOUUOUUOUUUU Sender {Receiver Q0U0011-60Q0000 
Crossbeam[][nlIiMPMC Channel|] 


00001 1-60 M00Crossbeamjl|IJMPMC Channel 


l. use crossbeam: :channel as Channel; 
2 fn main() { 

3 let (s, r) = channel::unbounded () , 
4 crossbeam: :scope (İl scopel | 

5, scope.spawn(|| { 

6 s.send(1), 

7 r.recv() .unvrap(), 

8 II: 

9. scope.spav (ll | 

LU. s.send (2); 

IL r.recv() .unvrap(() , 


TA; )) 7 
bo. TES 
000011-60[] Rust 2018000000extern crate crossbeam|[][] 
003000 0 unbounded] 70000000 [ Crossbeam [][][] MPMC 


Channel OO Channel! ITT 00000 00000 


000000scopell000000Scopedi]01000000000000s0000r0000 
0000Channel00000000clonell000000000 


(Crossbeam| UU Oselect]0100000000000000000000011- 
61000 


000011-61[00Crossbean [| select! ||] 


lw úse crossbeam Channels tselecu; 

2. use crossbeam channel as channel, 
3. use std::thread, 

4. Tn LibOHadcolt 

a fib: channel::Sender<u64>, quit: channel::Receiver<()> 
Se ) 1 

Ts let (mut x, mut y) = (0, 1); 
Ds loop | 

A select! { 

"om send(fib, x) => ( 

Lis let tmp = x; 

LS, x = y; 

LD y y = tmp + y; 

14. } 

18; recv (quit) => { 

Lë, DEINE: C RLE} 

La return, 


22. İR main) < 


LD M let (fib s, fib r) = channel: sbounded (0); 

24. let (quit s, quit r) = channels:bounded (0); 
22: thread::spavn (move || 1 

Za. 8 A Vie) j 

d]. printini (”07", gib rreevi().unwrapil)s 
28; } 

Ca quit Sassen (II YA 

30. 1); 

al, fibenacci(fib s, quit rj; 


ölə | 


000011-61 QQ Rust 20180000000000 0 Imacro use! KOO 
select[]000000011-610000fbonacc![)00000A46b0000000000000 
ou 0000000 

00080200 selectf]000loop[]000000select0000000000000 
00 select1000000000000000000000000000000000000000000 
LİLİLİTİTİTİLİTİTİLİ 

[mainf]000000000000000002510002400000000000000000 
0000000Crossbeami 10000000 0000000000000000000000000 

0002500000000000000000 

00026028000000000for000006b r1000100000000000029 
000for00000000000guit s00000Abonacci[]00000000 for 0000 
LLL fibonacci [O0 select00000 send 000000000 übonaccil II 
0000000guit00000000000tor0000000selectf000recv(]000000 

000000 std[|[]sync[][]mpsc 0000000 Select (0000000000 
LLlCrossbeaml [select(]1000000000000000000000 


11.3 0000 


0100000°0000*000000000000000000000000000000000000 
DADO 000000000000000000 0000 000000 uu 
Promise/Future [1101100000000000000000000000000000 0000 
0Odasync/await0000000“00000000070 


HOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOUL 
JavaScript İHLLİİLLİES 70000000000000000000000000000000 
ULüLlasyne/avvaitl İHLLLLULLLULLULLULULLULURust: 1 .0000000RustH 00 
[LLULLU Rust 0000 000000 0000000 00000000 


LİLİLİLİLİLİLİLİLİLİTİLİİRustii İLİ İT unu unu 000000000000 
HUOO Rust TİLİLİLİİLİLİLİLİLİLİİTİLİLİ. Future HİİTİİLasynev/avvaftl İLİ 
LİLİLİLİLİLİLİLİLİLİLİLİLİİTİİLİLİLİLLİİRust 201600 LIE sync/a wait] | 
LİLİLİLİLİLİLİİLİLİLİ İLİ İLİLİLİLİLİLİLİ Rusi HUUU 
LİLİLİLİLİLİİLİLİRustİ UU 


11.3.1 000 


00000 async/await (1110000000000000000Rust 0000000 
00000Coroutine, | |] 

0000000000000000000000Stackful[] (00000000 
[|Stackless|] 1000000000000000000000000000000000000000 
000000000000000000000State Machine (010000000000000 
0000000000Generator/] QUUUUES 6(0Python]0000000000000 
00000000000000000000000000Rust00000000000000000000 

LİLİLİTTİT 

000000000000Rust00000000000011-62001 

000011-62[]Rust III 


t! [feature (generators, generator trait) ] 
use std::ops::Generator, 
fn main() { 
let mut gen = ||{ 
yield 1; 
yield 2; 
yield 3; 
return 4; 
be 
unsafe { 
114 EŞE an 0.41 
12: let c = gen.resume(); 
cm DEINEN (7177 Gİ 


© € O) GB EN P 


re AO 
O e 


los } 
LO. + 


0000011-62000001000001 [feature || generators || 
generator trait|]] OO0O00000Rust000000000000000000000000 

000200000std0ops0000Generator trait[[[][trait]0000000 
LİLİ 

HO HOHO Generator UI 000 
[yield (1000000000000000000000000000000000 

0001000000unsate[]000000000Ounsate[]resumef|(100forl]1 
000040resumel]0000000000000000000000000000000yield00 
00000000000000000000000011-12000 


resume() 


resume( ) 





[111-12000000000 


01011-12000 0yield[]resumel]0000000000resumell0000000 
(UU yield 1°0000000000000resumell000000000000000000 
TU yield. 1°0000000000000“yield 2*000000000000000000000 
(ITT İiLireturni TİL) 


00000yield000000000000resumell00000000000000011- 
62 10000000000000000040000000000000000000000000011-63 
OOL 


00001 1-63 0000 
Yielded ( 

Yielded ( 

Yielded ( 
e 


1 
2 
3 
Complete ( 


) 
) 
) 
4) 


00000000011-12 UO 
GeneratorStatellYIIRILMUL(MULU YieldedliYUU Complete ROOC 


LILİTİTYieldediTYTİLİLİLLİLİLİİLİİLİLLİLİLİLİLİLİLUİLİUİLİUİLİLİLİLLİLİLLİULİLİİLLİLLİ 
Completel]RO000000000000000000 


1000000 
(Rust[]Generator[|000trait()0000011-64000 


HULLU11-6411Generator trait ||| 


1 pub trait Generator { 

2 type Yield; 

or type Return; 

4 unsafe fn resume(&mut self) -> 

5 GeneratorState<Self::Yield, Self::Return>; 
6 ) 


0000011-64[0Generator(]0000000000Yield Return(00000 
Oyield(1000000000000000000000 

000000000000000000000000000011-620000000gen00000 
00000000000000000000000000 Generatorl]00000000011-65[0 
LIE] 

000011-650000011-62000000gen0000000 


ON nO Wë UN P 


#! [feature (generators, generator trait) ] 


use std::ops::{Generator, GeneratorState), 
enum Gen { 
Starr; 
Statel(Statel), 
State2 (State2), 
State3(State3), 
Done 
) 
struct Statel { x: u64 |) 
struct Starez 1 x: u64 >» 
Struct States [ x: u64 } 
impl Generator for Gen { 
type Yield = u64; 
type Return = u64; 


unsafe fn resume (&mut self) -> GeneratorState<u64, 


match std::mem::replace(self,  Gen::Done) { 
_ Gens: Start=> | 
"self = Gen: :Statel (Statel(x: 1)); 
Generatorstäte::Yleldeatl) 


_ Gen: :Statel (Statel ts: 13) => < 
“Self = Gen: :State2 (Statezix: Zİ)? 
GeneratorState::Yielded(2) 


_ Gen: :State2 (State2{x: 2}) => { 
“self = Gen: :States3s (State3s{x: 3}); 
GeneratorState::Yielded (3) 
} 
Gen: >: States (Statesix: 3}) => 4 
"Self = Gen: :Done; 
GeneratorState: :Complete (4) 


— 


u64> ( 


panic! ("generator resumed after completion") 


} 
fn main() ( 
let müt gen = Gen:: Start; 
for in 0..4 4 
printin! ("{:?}", unsafe{ gen.resume () )), 


00000 11-65 1111111 [feature [| generators |] 
generator trait||l ||[||]|liGenerator[][H]HDBBBpudadbdppu 
Nightly(100000000 


000000000000000000000 Gen (0000000000 11-6200000 
000gen0OOyield[]return(]000000040000000. Gent UI 
HI IIStatel[]Statel[]|]|State2|]State2|][]|State1[]StateS3[]||Done[] 
0100000000000Start000005090000 


JS5tart((Done(JNNNNNUUUUUUUUUNNUNUNULJUNUSstateTli 
State2[]state30N000000100120000 


00001S500000. Gent Generator [010101140001 SHOO 
Yield|[|Returna|Ju64 LİL 


HLUL16HLuLlMHunsafeLlresumeliLLLresumelUUU9UstdULmemilll 
replace NOOO &mut self] GenliLDonelLUULUreplaceLiUULUUL 
Self Gen Done 0 d0000000setf00 000000 match []L] 
replace[]0000000000000 

0001800match[0 Genf] Start[]0Oreplace[]0000 Geni 
Start 0]000000000 State1TiHULUL self (OOOO Gen[][]State1 
0 State1(1x[)1+070000GeneratorState[] ]Yielded[(]100000000000 
resumel]000000selt000000000000000 

[main(]000000000000000000genl Genf Start HIHI 
0000400000040resumel 0 000000000000011-631400 

000000011-62(100000000000000000000000000000000000 
LİLİİLİTTİTİTİİTİL 

TU 

DODABDOOO DADO nn Return TETTE] 
00000000 X%eld(1000000Generator[]Yield =T[]Return=0 000000 
0000000000000000011-66[]1 

00001 1-66 0000000000 


1. #![feature(generators, generator trait)] 
2. use std::ops::{Generator, GeneratorState}; 
3s pub fn up to() -> impl Generator<Yield = u64, Return = ()> { 
4. ın 

3 let mut x = 0; 

Os loop { 

Ta x += 1; 

q yield x; 

9. ) 

10. return (); 

Lia ) 

A PEE. 

13. fn main(í)1 

14. Let mut gen = up tol); 

13: unsafe { 

Lp. OE Jİ U... 

LT; match gen.resume() { 

18. GeneratorState::Yielded(i) => println! ("{:?}", 1), 
19. _ => println! ("Completed"), 

20% ) 

21, ) 

225 ) 

Ze Y 


700001 1-66000 up tod 00000 Lm pl Generator|[]Yield 2 64[] 
Return= UIID O0 00000 Rust 20180 0000Nightly Rust! 
LEE Lam pl Trait [|] [Rust 2018 00000 

[up to(]0000000000000000000000loop0000000000012000 
TU 

LlmainliHliLLiHup. to00000000000000b00000000000000 
unsafe[][ fTibliresumellliLlimatchi TITTTELELEULULLULLLLLU 

LİLİLİLİL İİİ İTİ İLİTİLİ İLİ Tİ 00000 GU 
HOU yield 0000000 

[UU L Future 


100000000000000000000000000000000000000000000000 
00 Yield (0000000000 Return ULULULL GeneratorliYield 2 [TL] 
Return =Result[T0E100000000000Futuwre[]0000011-67000 


000011-6 70000000 Future 


#! [feature (generators, generator trait) ] 

use std::ops::{Generator, GeneratorState}; 

fn up tetlimrt: vol => 

impl Generator<Yield = (), Return = Result<u64, ()>> 


move || { 


1 

2 

3 

4 

Bu | 
6 

7 Tera In Uss linie 4 
8 

9 


yield (); 
} 
11) return: vkeilimiki; 
Tis ) 
12. ] 
13. fn main()( 
14. let Limit = 2; 
134. let mut gen = up tollimrt)? 
155 unsafe { 
17. for i in 0..=limit{ 
ID a match gen.resume() { 
19, GeneratorState::Yielded(v) => 
SCH, printin! ("resume {:?} : Pending", 1), 
21. GeneratorState: :Complete (v) => 
22 println! ("resume {:?} : Ready", 1), 
—. ) 
24. ) 
255 } 
Pb d 


0000011-67000Dup tol]00O0Mimpl Generator[]Yield - [1[][] 


Return=Result[]u64[10000000000Oup tod IILI III yield! 
return||[|[| 


UU main (TTT Ugen! resumel HUUU 
LİLİTİLİLİLİLİİLİİİ1 1-68 000 


000011-680000011-6 700000 


resume 0 : Pending 
resume 1 : Pending 


resume 2 : Ready 


DO 000 0d 0000000000000 Pending [100000 
HOU Ready | 


Future [11011100000 000000000 00000 000000 Future ATU 
Lİ” DUTOT 
00000000000000000Future (10000000000000 Pending (0000 
LİLİLİLİLİLİLİİ 111111 İLİT İT İT İL İL İLİLİLİLİLİLİLİLİLİL İİ Tİ Tİ İTİTİT İTİL İL İLİLİYİYİLİLİLİLİLİLİL İİİ? 
0000000000000000000000000000000Ready 0000000000000 
LİLİLTLİTİLİLİTİİLİTİİİ 


OUT EIS emi-Coroutiner Tj b IILI II! 
LİLİLİLİLİLİLİİ 1111 11 İLİT İL İT İL İL İLİLİLİLİLİLİLİLİLİL İİ Tİ Tİ İTİLİT İTİL İLİLİTİLİLİLİLİLİLİLİLİLİİİTİT? 
LİLİLİLİLİLİ İLİLİLİLİLİİLİLİLİLİLİF uture HUDU 


11.3.2 Future| | 1[ 11. 
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A 
A 
LİLİLİLİLİLİLİL İL İİ İLİ İLİ İLİLİLİLİL İLİ İLİ OOO OOO 


[UU Rust[]Futurel 00000000000 dd 000000000 futures-rs 
LİLİLİLİL İLİLİLİLİLİLİLİLİL. 


: Future lİİTTİTİİTİİİ. 

: Executor [111010010000 

' Task (10000000 
OOOžutures-rs(11010000000000000000000 


Future 


Rust [Future O Ntrat0000000001 1 -69000 
0001 1-69||Future traitl ||| 


1 pub trait Future { 

2 type Output; 

os fn poll(self: Pin«&mut Self», lw: &LocalWaker) 
4 => PolleselrT::0ü0tputo»; 

2 ) 


2000011-690000stdoofuturenopFuture traitum 181 emm 
ULULULLULULULLLMOutputlipoliLLLl 


UUpoll [00 Future O d000000 O0000000U000000O0UPin[I 
LocalWaker Dp Rust Future EIE Dp e! UU 
HOHO DEBIDO Pol IL ILU OOOH 1-70000 

00001 1-700 Po TTTTTİL 

1. pub enum Poll<T> (1 
PM Ready (T), 

de Pending, 

4. ) 

00000 11-70 000000Pol0TOOOOOOOOOOOODOD Readytr p 
Pending [100] Option TOO Result THEN 
1000 TİLİLİLİLİLİLİLİLİLİLİHLLMP uturel İTİTHHEELNFuturellTTTHHENLUNuU 
LİL) 


Executor||Task 


Future[]11000000000000000000000000Executort]|Taskfl[ 
OOL 
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700000 ExecutorQ 000000000 Task ff futures-rs İZİ nmn 
Executor HOHO 1-1 3000 

0000futures-rs[]00000crate[]0000000futures-executorl [LI] 
100000U00U00Executorl[] 


I1111-131HHHHHUHHUHHHKHHHHH"ThreadPoolTPoolStatell 
MessageliTaski III 
TO 


enum Message 
Run({ Task) 


Thread Pool ———+ new ——— > poolstate.work 


| PoolState: rx.recv() 


spawn ob? ə ə 
Poll:i:Ready..«" e 
| Complete domm] On Future.pell unpin: 

PoolState: tx.send( Messace::Run(task) | A 


futures: :mpsc: : channel i Polls :Pending 


m€——— Wake A—————— 
PoolState: tx.send( Message: :Runltask) ) 





(111-13[]futures-rs[]0Executorf]Task[]000000 


ThreadPool IITILHLLULULUULULULHstateliULLArcLPoolStatelLlU 
LİLİLİLİLİTİT LİL 


PoolState (00000000000 tx O rx (0000000 Sender 
Message[][]Receiver[]Messagel]000000000000stdO0O0sync[]l1 
mpsc(00000000Channel0000000000000000000futures- 
channelf0000000tx0rx000000000000Channelrl 


Message DODODODO OD OO 000000000000 Run TaskOQ00 
Messagel|[|[ I ]Channelp] n p p p bb p p E EE ET Ta s KT UI 
01000000 

Task (00000000N0 future [| wake handle (0000000 
FutureObj [JArc[]WeakHandle[]00000000FutureObj[ 00 Future[] 
0000001 futures-executorHLUUUULUFutureTriHHUU9HUUH Future 
traitQQUUUUUUUWeakHandleQQQ000000000 


L1 1-15[ DEDE EI Executort i LI II III 


Executor [][J[][]I] Channel POpo00o0 do 000000000000 
ThreadPool[][]ll]spawn obj [000000000 Task0 000 send] 
Channell QUU00U0spawn_objQUUUUPoolState [III IILI ILILI E 
Message] | jRunj|jtask]] TUChannell Til 


UUThreadPooliTinevv (101000000000000000000000000000 
HOHO Pool State ii work TTULUChannell bibi work] 
0000 PoolState0000000000rx UHUUUMessagefllHRuniltaskil 
HO 


O000O0spawn. obj[]Channell]000000workl]00000000000000 
LİLİLİLİLİLİ 


EHvvorkHULUUlUMessagellLlRuniltaskl1 [I JU Task 0000 
run (]QQ00U0UUtaskQQrunQQUQ0UU0UUtaskQUU0FutureObjQO0U 
poll unpin OOOH poll DOIT Pending] Ready 00000000 
Pending[10000task[]0000WakeHandle[]000000000000000000 
0000Channel(000000000000Readyl]00000000000000000000 


000000futures-rs10000000000000011-1500000000000000 
RustilFuturel İİİ İLTİİLİİİ 


11.3.3 async/avvait 


LİİTLİİLİLİLİTutures-rsi İİTTİLİLİLİLİLİLİLİLİL10. ONUL Then! 
and then HOOD Future UU 
000000000000000000000000000000async/await (1000000000 
0000000000.5000 

000011-71000futures-rs1010000000000 


000011-7 111futures-rsi 00000 


// futures-rs 0.1 

fn dovnload and vrite tveets ( 
user: String, 
socket: Socket, 

) -> impl Future<Output = 10::Result<()>> í 
pull down tweets (user) 


and then(move |tweets| write tweets (socket) ) 
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) 
9. J£ fütüures-rs 0.3 


10. async fn download and write tweets ( 


La user: &str, 

1% socket: &Socket, 

13. ) -> 10::Result<()> { 

14. let tweets = await (pull, down tweets (user) ) 7; 
19; await! (write tweets (socket) ) 

LOs 4 


11001221 8 2218111 1110 E 
download and write tweets[]00000000000pull down tweets 


00000000write. tweets(]0000000000000000and thenf]000000 
00000000000async[]000awaitf]0000000000and then III 
Rust j async NN i lawaiti (i i lllasync/awaitl TİTLE 
[l Llawaiti HUOO 
async/await[]100000000async fn QUUU0UUUUUUUimp! 
Future[]0000000000011-71000000000000000000000000 
async/await) | J ]|] 
Rustli iii Ljasync fn/]1000000000async[]100000011-72000 
LEEILIT 1-72[Jasyne TT 


Le ASE My tutura =-25VhC Y 
await!(prev async func); 


println!("Hello from an async block"); 
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HOON! 1-7 20 HEIDE syn e EE Future] losen inf) 
00000000Gasyncll000Futurel TET 1-1 440000000 


async] — [Generator] — eg — [int Future) 


- t Y 
keyword yield GenFuture«T: Generator<Yield = ()»»(T) 
async fn resume() inpl Futre for GenFuture 
async block poll 


resume( ) 
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L111-1411T1fTflasyncl İLİLİTLİLİLİLİLİLİLİLİLİLİDLİLİLİULLLİURustlİLLİLİUN 
[| AST 0000 HIR DUBBI async (000000 async (0001 
Generatorf)Yield=[]11000000000000000000000000GerFuture 
000000000GenFuture[|T[]Generatorf[]Yield =[101000100000000 
GenFuturel || Future 000001 1-7S000 


HLLL11-731MLMGenFuturelliFuturel ||] 


1. impl«T: Generator<Yield = ()>> Future for GenFuture<T> | 

Bs type Output = T::Return; 

Ja fn poll(self: Pin«&mut Self», lw: &LocalWaker) 

4. -7 Poll<Selrs :DUTRUT> 

2 { 

6. set task waker(lw, || 

Ta match unsafe { Pin::get mut unchecked(self).0.resume() | 
B. { 

9. GeneratorState::Yielded(()) => Poll::Pending, 
LU, GeneratorState::Complete (x) => Poll::Ready(x), 
lis ) 

lg; ) 

Lə. ) 

12.1 


000011-730000std[] future[]000GenFiuturef[ |[]Future[]000] 
000000poll00000Oresumel] ED EIL] Pin[][]get mut unchecked 
[self] rS mut self D U &mut self. 0.resumer[lUu" 0000 
[resume[]0000000000Future[]00000000000011-670000000 
Future II 

LHULLMUUstaUNfuturelUULİrom generator[]000000Futuref[] 
GenFuture DO BB I IL) 

0000 async OUT Gen Future (0000000000 
[await] TELLLULLLLavvaiti O HH00000001 1-1 5000 


async $} 
Loop 


await! Bee > | if task::Poll::Ready 


break; 


else yield 
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await( UI tasynct I bp Dada wait IILI U Ee op 
HOHO Odd dd dd dd dd Ready 000000 loop O EE DE Pending iid 
yield00000yield00O00async[]0000Generatorf]Yield=[11000000 
UL 

Pin||UnPin 

Dann m m Pii Pin TOUUUUUUUUUUstd TL] 
pin OUUNUNUUNUNU Rust 2016 YOUUUUUUUUUUUUUUUUURust 
1.30LİLLLLPiniTİTİ 

HUOO 11-62 (000000 gen00000000000000 
00000001 1-74000 

000011-7400000001 1-6 2000000 

1. let mut gen = ||! 

let x € 1u64; 
let ref x — &x; 
yield 1; 
yield 2; 
yield 3; 


return 4; 
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0000011-740000000000000000000000xXIret xl İfiTiref xx 
(IO 

error[E0626]: borrow may still be in use when generator yields 
| let rei x = &x; 


^ 


possible yield occurs here 


DEED Rust uyuyun 


000000 11-65000000000000000000000000000000000000 
0000000000000000000Self-referential Struct|| (000011-75 
000000011-7400000000000 


000011-750000011-740000000000 


L. enum ` Gens "az í 

2 Scart, 

Ja Statel (Statel<'a>), 

4. State2 (State2), 

5 State3(State3), 

6 Done 

7 ) 

8 struct Starel«'a» { x: ue4, ref x: &'a 164 | 

g, IMpi<"a> Generator for  Gens'a> í 

10. type Yield = u64; 

Liy type Return = 0064; 

12: unsafe fn resume (&mut self) -> GeneratorState<u64, u645 ( 
LS a maten Std: mei: + teplace(salf,  Geh2:Done) 4 
14. o Genzibtart => 4 

19; let x = 1, 

16; let statel = Stareli(z: x, Tet X? SH 
l4. ‘self = Genz ostatel (stately; 

18, GeneratorState::Yielded (1) 

13; } 

20 ; | Gen :SLatel (statel is: l, Fer x2 iy) => 4 
21, “sell = Genrrstatez (Statezix: 21); 
22 s GeneratorState::Yielded (2) 

20: ) 

24. // ... BB 

zü. ) 

Z5. ) 

2l. d 


0000011-75000State100000000000000000000000000000 
0000000080000000000 ref x1100000x0000 

Oresumel]0000001501700000000000 0000 O resume 0000 
HUOUOUUUState1 0U0State2 0000000200000) matcano0dg0d000 
replace [HL [State 1 00000 

replace|[|[ b p State 1 KAN state 2r] TET IILI II] 
state1100000000000State1(0000000000000x0000000000000 


ref x100000x000000000000 JOO Rust WOU 
[resume DDD 0H unsafeN LL 

LİLLİLİLİİLİLİLİLİLİ İİTİTİTİTİTİİTİBoxl ET TELA nc E] PEDO ODO 000000000 
OOO OOO OOOO OOOO OOOO 0000 Rust TEE 
01000000000000000000000000000000000000000000Rust 0000 
000000000 Pin TET] CEET 

Pin[]T000000000000000000000000000000Deref00000000 
000000000PMm01000000000011-76000 

000011-760Pin)T00000 
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t! [feature (pin) | 
use std::pin::{Pin, Unpin}; 
use std::marker::Pinned, 
use std::ptr::NonNull; 
struct Unmovable { 
data: String, 
slice: NonNull<String>, 
pin: Pinned, 
) 
impl Ünpin for Unmovable () 
impl Unmovable { 
fn new(data: String) -> Pin<Box<Self>> { 
let res = Unmovable { 
data, 
slice: NonNull::dangling(), 
pin: Pinned, 
J; 
let mut boxed = Box::pinned(res); 
let slice = NonNull::from(&boxed.data) ; 
unsafe { 
let mut ref: Pin«&mut Self» = Pin::as mut (&mut boxed); 
Pin::get müt unchecked (mut ref) .slice = slice; 
) 
boxed 


| 
fn main() ( 
let unmoved = Unmovable::nev("hello".to string()); 
let mut still unmoved = unmoved; 
assert eq! (still unmoved.slice, 
NonNull::from(&still unmoved.data) ); 
let mut new unmoved = Unmovable::new("world".to string()); 
std::mem::swap(&mut “still unmoved, &mut “new unmoved) ; 


000001 1-76000001000000 EÉea ture|[ pol 1] 000000000Pin 
IILI II IL IL 

LİLİTİZTİTİLİTİPİnİ fUnpinlİİTİTİLLİPinİT” TE LL Rust HU Pini [| 
LİLİLİLİLİLİLİLİLİLİLİLİLİL” O” OUUUUUUUUUUnpin 0000 Pin [II III DE] 
10000000000000000000000Unpin[] 


000300000Pinnedf]00000000000000000stdO0markert]000 
0000000000Pinned]J00000000000000Unpin0000000000 


0100400000NonNulllfT0000000000000000000 


0005090000000000000 Unmovable[l]000000slice000000 
data[][00000Unmovable[(00Pinned[]000000000000Unpin[ 


0001000000Unmovable[ | JUnpin|] 


0011026000 Unmovablel] [0new[]0000000Pinl Box[]Self7] 
0000000new0000000000 Unmovable[jJresQQ0U0 Bos lt 
pinned [][] [] res [O O PinllBoxlfUnmovalblelll 0000 boxed IT 
NonNullTLMiromfLLUboxediLuidatalI1uULNGUL$NonNull 00000slice[] 
000000 unsafe[]0000Pin[]0as mut[][][] nut boxed [1000 Pin] 


&mut Self] ID mut refl III Pin]&mut 
Unmovable IIND] Pinget mut unchecked [1000 Pin[]&mut 


Unmovable[][]Gmut Unmova blellLLULislhicelLLUL$LUsİceLlLMLL 
LİİLİTTİTTİTİTİLİTİTİTİİL 


([main[00000new[]0000Unmovable[ | Jjunmoved[ | J JII] 
IT! unmovedlilİEULLiLiLlunmovedl İLİLİHLLLSOLİLLS TELELL 
00000000000000000000000000000Oslice[]0000data(00000000 
0000000000data(00000000PinT0000000A 


000 32 000 33 000000000 Unmovable TİL new unmoved[] 
LiListdiilimemi swap (00000 still unmoved [11010000000000000 
OO 10 00Unmovable[](0Unpinf]10000001000000swapl0000000 
0000000 Unmovablef]Pinned[]00000000000000000Unpinf] 
svvaplİİlTİİTi 


UHUUHHUUUU11-731GenFutureliLpoliULULUUULHPinHSmut 
self100000000000000000000000000000000000000000000000 


Pin (get mut unchecked NUUUUUULNULULU Pin TOD00dd 00000 
UU 

async/await| 100010 

ULLULLULLRustlİLİLİLİLİLİLİLİLİLLLLLLLLLLLfTutures-rsliTLLLLLLu 
ULLULLFuturelfTasklİUİLULLLEULLLasyne/avvattlTiiuliFuturellliL 
0000Ofutures-rs(]000000000futures-rs[]000000000000000000 
LIEITIBBIBBBBBIBIBIBIELAL PATE ] 

HIEIEIEEIB EIE DI EIE Rust (000000 cargo new HNUNUNUL 
crate 000 “futures-demo” [][]¡Cargo.toml 0000000 futures- 
preview[(]000000000.3.0-alpha.70000000main.rs000000011- 
77000 

00001 1-77Nasync/await 00000 
+! [feature (arbitrary self types, futures api) ] 

#! [feature (async await, await macro, pin) ] 
use futures::{ 

executor::ThreadPool, 

task: :SpawnExt, 

); 


use Stat: futures: <i Future}: 
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use STO! : pin: PIN; 
2. usc SEUS tasks: *? 
10. pub struct AlmostReady { 


Tl. ready: bool, 
12; value: 132, 
Los 7 


14, pub fn almost ready(value: 132) -> AlmostReady 1 


123. AlmostReady { ready: false, value ) 


in. J 

17. impl Future for AlmostReady { 

18. type Output = 132; 

19. fn poll(self: Pin«&mut Self», lw: &LocalWaker) -> 
Zl. Poll<Self::Output> 

El. { 

ds if self.ready ( 

22. Poll::Ready(self.value + 1) 

24. } else { 

Ap unsafe 4 Prnisget mut unchecked (self) „ready = True zi 
20: lw.wake(); 

el. Poll::Pending 

28. } 

29: ) 

30, 1) 

31. fn main() { 

CCP let mut executor = ThreadPool::new().unwrap(); 
oa let future = async { 

34. println!i"nowdyl!"): 

25. let x = await! (almost. ready(5)); 

36. praneln! (“donen 1677", x) 

Sis b 

20: executor.run(future), 

49. | 


1000011-77000000000000 (0 [feature 
(| arbitrary self types [] futures api (| 1 O 0 0 [feature 


Llasync avvaitl lavvait macrof]pinf]11010000000000000000 
0003060000futures-rs[]00executor[ | [ThreadPool[]task[ |[ ] 
spawnExt[0000Future[]00000Oexecutorf]task[]100000000000 
UL 
0007090000000000 Future HPinlitaskliHUHULUULU 
async/avvaitTlLLLLLLLE 


0001001300000AlmostReady[100000bool[]O0Oready[]i321]0 
[jvalueQQ000 


0001401600000almost ready[]0000000152000000000 
ready[ | false[]JAlmostReadyIl]00000 


000 17030 000 AlmostReady (10000 Future[]00 poll (0000 
HOO Pin/(|&mut Self]0000000000000000 Iwdg0d000000 
SLocalWakerf]1010000000000000000Executor[]00000poll0000 
ULLULULULRULEULLUL AlmostReady [IL] ready 00000 teruel itin] 
true HUU Pol HI Read ya self.value+1000000000000000 falsef] 
TODO read y ELE LU tru e TTT wanawake 
LİTİLİLİLİTİLİLİTİLİT AK OT UU OT UO OTT 
11-15000Executorf]Task[]00000000Po1ll00Pending[]00000000 
LİLİ 


LI Imaini IILI I I) 
000320000ThreadPool[0new[]0000000000executorl] 
000350370000async[][0[] Future [][ [future [][] async [] Ll 
almost ready[]]000OOAlmostReadyl] D 0awaitl]000000000000 
OOL 
LILILI3SSTİLLLexecutorlirunl |] future[]00000000000000011- 
15000 Executor[]Task[]00000run 000000000 futurego 000 
Future0bj00000000000spawn 0bj00000Channel[I0000work 
1000000 
000000000000000000000 0 futures-demof[]000000000000 
000000000000000011-78000 
000011-78[async/await[/11100000000 
howdy! 
done: 6 
110100000000000000000000 
OO Future 0000000 
- Dl Task TİTELLULLU 


UU Task UU “DODO (DUDU 
futures-rs1 (JUL spawn, objispawni HOHO Future i nbi] 
LİLİLİLİLİLİLİLİLİLİLİLİİLİLİF utu re UI 

Lfutures-rsi İLLİLLİİLTİLTİLİLLLLF uturellLİLLiLİLULİULİLİLİLLİLLİLLİLİ 
LİLİLİLİL DO DO İİLİTİLİLİLİL? 
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UU 

000000000000000000000 Task Parallelism[] (0000 
(Data Parallelismii (1100100000000000000000000000000000 
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SISD SIMD 


single Instruction single Instruction 
Single Data Multiple Data 





MISD MIMD 


Multiple Instruction Multiple Instruction 
Single Data Multiple Data 
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SIMD fİTİTİLİİİLİİLİ CPUTİİLLİ CPU [JLI IILI II LI II II! 
UTC PUTTE YOLU yun iu 
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SİM DUUUUUUUUUUUUUUUILLIAC IVIBHUUGBOeATEBBDDB 
00006400000000000000000002PUH000000000000000000000 
00000000000Intel ¡ MMX[|MultiMedia eXtensions!| [110000 
05700000008506400000000SSE[ Streaming SIMD 
Extensions|] [110700000MMX[10000000000000000000001 2800 
000700000000000000SSE2[]SSES[]SSE4[]SSES5100000000000 
0000000002PUH00000000000000000000000000 


2011[]1ntelJOOOOOOOOOODOOOOOOOOODOUDAVX[JAdvanced 
Vector Extensions|] 0010010000000002560000000000000000 
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Rustl11.27HHHHMHUHSIMDILLULLULxsSoLix86 64110HU5SEL 
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Rust HHUHUUstdHHarch (0000 stdsimd THEHUHUESİMDİ 
Rust [SIMDODOD OD DO 0D dodo dodo dono CPU NAA 
x86 64[[ARM[AArch64 0000000000000 00std[ arch bo 
0100000x8600000S1MDO00000000000000000unsatell0000000 
LİLİLİLİL İLİLİLİLİLİLİL İLİ İLİ? 

SIMDITITI 


LLLELLRLUEUELEREELLL cargo new YYUUUUUU crate ODODO 
“simd-demo” []{]/Cargo.toml]Q000000000Ustdsimd 000000 


0.1.00000000src/main.rs0000000011-79000 
100011-790SIMDUOO 


1. #![feature (stdsimd) | 
Zə use ¢istd as real std; 
3, use stdsimd as std; 
4. +[cfg(target arch = "x86")] 
2. Use Sistasrtarehitimee!s*; 
D. t[cfg(target arch = "x86 64")) 
Ta wee ziola: taren eS 62:452 
ö. fn main() ( 
Š, IL 18 x56 Teature detected!l("sse4.2") 4 
10. [target feature (enable = "sse4.2")] 
bek 3 unsafe fn vorker() { 
LA. let needle = b"\r\n\t ignore this ", 
18, let haystack = b"Split a \r\n\t line "; 
14. let a= mm loadu S1128 (66016:38 BCE) as "const. Jj 
Lə. let b = mm loadu sil28(haystack.as ptr() as *const ), 
Lë, let idx = mm empestri| 
Lis a, 3, b, 20, SIDD CMP EQUAL ORDERED 
18. E 
Lə. assert eq! (idx, 8), 
20. | 
21; unsafe { worker(); } 
WA 
Aha J 
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0004000000lefgiltarget arch=/]x86f1)1 0000000000000 
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000110200000000unsate[] workerf]000000SIMDOOOOOOO 
00000000000SIMDOO0000000000Ounsatef 

0001200015000000000000000000 Un e ed Te[ ]haystack[ IT 
DO0haystack İİLneedlel VIII 

0001400000 mm loadu si128[000000000. m1 281000000 
000000000000 128 DIOU Intel Ti 
_mm_loadu_sil28]QQQ000U0needleQQ00000000000 

000 15 000000 haystack TEE O 

0001600000 mm cmpestril İTİTİLİLİLİLİLİLİLİLİLlaTİTTİLLineedlefl 
0000000000000000000000500000000000haystack[]00600000 
0000000000020000000. SIDD CMP EQUAL ORDEREDİHTLU 
NUNUNUNUNUNHUNUNUNUNUNUNU mm cmpesti] 0000004 
haystack 100000 needlef]00000000 

0001900000000000000000000000081 

OO0OOcargo ran WITT DOT 
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LİLİLİLİLİT OOOO OOO ODO 0000000 Rust İTİTİTİTİLLV Mİ TİTTLİİİsreTi 
[auto vector.rs[]11010000000000011-80000 

W001 1-80Q0ULLVMUQUUUUAV x27) 


1. İn add quickly fallback(a: &[u8], b: &[u8], c: &mut [u8]) { 
ə for (la, b), c) in a.iteri).ziple) zip (G) 1 

Ju tg c Ya + ue 

4. | 

B. | 

6, *tlcfg(any (target arch = "x86", target arch = "x86 64"))) 

Tu #ltarget feature(enable = "avx2")] 

8. unsafe fn add quickly avx2(a: &[u8], b: &[u8], c: &mut [u8]) 1 
9. add guickly fallback(a, b, c) 

Lü. 1 

11. fn add quickly(a: &[u8], b: &[u8], c: &mut [u8]) | 

LE ; t[cfg (any (target arch = "x86", target arch = "x86 64"))] 
AR, { 

14. if is x06 feature detected! ("avx2") | 

15; Brintln! ("support avx4")) 

155 return unsafe ( add quickly avx2(a, b, c) ] 

Lü. ) 

18. } 

19. add quickly Tallback (a, b, c) 

20. J 

21. fn main() { 

22. let mut dst = [0, 2]; 

Gef add quickly(&[l, 2], 612, 3], &mut dst); 

24. assert eq! (dst, 13, 21): 

29. | 
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000 6110 000 add quickly avx2 000000 [cfg [] any 
(| target arch= [| x861111target arch= | x86 6411101111 
[target featurel lenable —I lavx21 111 000000000000LLVMIOOO 
0000000000000xS61]x86 64TİİHELELUAVXLULELULEULULUELU 
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0001102000000add quickiylİTİTİTİTİHLELELRULLİLLcigllany 
[target arch-[]x86[][]target arch-[]x86 640001000000000 
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avx2 FOOOUUUUUUUUUUUAVX2 UDO 
add quickly avxz2liLLiLİULLUİLİLİLİNMLAVX2TLLRLİTSLİLLLLLURLLEULN 
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0000x86[x86 640000000 add quickly fallback[]0000000 
000000000000000main0000add quickiyfTii 

(00000000 Cargo.toml [11000000000000000src000000 
main.rs[Jauto vector.rsH HHH maini 0000000 Cargo.toml]O0O000 
bin 0000000001 1-81 000 

ULLUT1-8 111MCargo.tomili HUUU baina 
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path = "src/auto vector.rs" 
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0000000 cargo run--bin auto vector [0000000 
auto vector.rs[]100000000000main.rs()000000000cargo run- 


-bin main 11.1. 
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: m128 (010112800004 0f32000 

: m128d [0101128 000020f64 000 

- m256i [111112 56 0000000000 

: m256 [[1111256000080f32000 

: m256d [[1111256000040f64 001] 
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- float32x2 t 00064 0002000f3200000 

- float32x4_t 0001 28000020008 200000 

“int32x2 t [1111104 0002008200000 

: int32x4 t 0012800002003 200000 
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00 faster 0[000000000000000000000000000000000000000 
00001 1-80TİLİLİ 


000011-8200000fastert]000000 


1 use faster::*; 
2 fn main() { 
Se let two hundred = (&[2.0f32; 10011..1).simd iter () 
4 .Simd reduce (f32s(0.0), £32s(0.0), lacc, Vİ acc + v) 
2 Sum): 
Gu assert eq! (two hundred, 200.0f32); 
Ts } 
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OOL 


11.5 [|| 


LİLİLİLİCPUTİLİLİİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİULİLLLİLULİLİLL 
LİLİLİLİLİLİLİ İLİLİLİ İLİLİLİLİLİLİLİLLİİLİLİİRusüt İLİTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 


SI A A AA 
LİLİLİLİLİLİLİLİ İİLİTLİİLİ? 


U Rust TİLİLİLİLİLİLİLİLİLİLİTİLİLİLİLİLİTİLİLİLİLİLİLİLİLİHLİLİLL Rust 
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000000 Meta-Programming INI Meta 10 “0000000000 
[0 Meta-Knowledge [THE “UUUU000000" 000000000 Meta- 
Cognition İT” TİTLİLİLİLİİLİLT”TİLİLİLİTİELİTİMeta-ProgrammingfiLii 
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ODEM eral TT 0” UUCHT OO 
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ITU İC + IO 
Rust Ruby Elixir NDOO OA S TTTİLİLİLİLİİLİLİLİLİLİİLİİLLİ 
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0000 DODO Rubya Eliziri Rust 01000000000000000000000 
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A A A nn 
(UU TU Rust derived np 
trait ITT 
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O00Retlectf]000000000000000000000000000000Rust00 00 
üListdllllanyllLAnyTILIILILIILII 
00001 2-10004ay0000 
000012-10Anyll 
pub trait Any: “static 1 
fn get type id(&self) -> Typeld; 
) 
iüpisi: "Static + TOlzed > Any IOr Ti 
En get type 1041445217) o” lypeld t Typel4#:3982:<T>27) J 
) 


U00012-10010S0000Any TİLİTİLİLİİLİLİtraitliLlilistatic (0000 
000000trait10000000000000000004060000Rust0O00Ostatic Tİ 
LİLİTTİİLİLİTLİLİLİ 

Lillliget type idl000Typeld 00000Rust000000000000000 
0000000000Typeld0000*00*000000000000000000000000000 
00Typeld00010000000000000000000000000 

AnytilLİLİLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİ sl İLİLİLİLİLİLİ11 2 -2 0 TL 

000012-2 Any 000isgoD000 


1. impl Any{ 


O) UI i» LA ND FL 


2 pub fn is<T: Any>(&self) -> bool { 
3 let t = Tyoecld?:ot::€T2 00 7 

4. let boxed = self.get type idi); 
ə t == boxed 

6 ) 


Te 3 
00001 2-20 HD A ny DEDEsDUDU LA ny trait TİTTİLLİsSLİLLS-seliTili 
LEE eraat 000 
DST Ty petat Hot I IILI II T ooo 


LLTATTİİTİİselillget type idIİİİİİTİLLLİLLLİLİLLboxedf TİLLİ 
00012-10000get type idi Typ etat ett TEIL] 


HBOSDBBDBIE İboxedf Tin Iboolli I 
12.1.1 QOisOOO000 


LEUDUT 2-300 B0:s ID BB DIDIT 
DELETE 2-3 Any EE isi IILI 
1. use std::any::{Any, Typeld), 
2. enum E ( H, He, Li) 
dia otruct S 1 SS US, ve uS, Ze ul j 
4. 


fn main() ( 
5 Let Wl. = UXCULEZƏ UI 
6 let v2 = E::He; 
7 let v3 = S f x: Üxde, y: Oxad, z: Oxbeef ), 
8 let v4 = "rust"; 
9. let mut a: &Any; 
AR, a € &vl; 
Lia asserti(tg.lstfz€1i12»0)); 
1.2; DELHLIBIT"LI2R",. TVpetas Te 00 1 
Lə. a= &v2; 
14. assert!í(a.issi€E»(0]); 
12: printlinéi("i:2)", Typepeloa:sofa:eBo Il): 
LOs a = €v3; 
i 58 um assert.! (a. Ls 1<5> () ) |! 
L8. printint (104 r2 me Typerid: soie: SSA] 1) 
19. a € &v4; 
Es assert!iim.ls42€&SLtr»i0))4 
EL. palata, (#1 277, Bypelai sors Rees CHE? 
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00001 2-3000200030000000000000 EH S Ha mami 00000 
LiLlisi İTTİLİİTLİLİ 


LUUD Dav 1 E S 2TİLİLİv ZLİLİLİLİİLİLİv SLA UI! 
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JODIDO Da TD & A ny E SA yr bb eret ILU 1 100000 
0021000000a0000Uv1 Uv4 QUO is HHH 
Typeld[]0of1]1100000000000000000 

0100000000000000000001 2-4000 

000012-400000 

Typeld 1 
Typeld 1 
Typeld 1 
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01000012-40000007ypeld0000000000t0000000000000000 
0000 UU ooo 
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Any0000downcast ref [|downcast mut [1100000000000 
00100000000000000000Option &TINOption]&mut T| J IL] IU] 
downcast refliLL7TULULULLULLULULUdovrncast mutrp]prTmbpp EL 
00012-5000downcast ref 000 


000012-5000downecast ref 00000 
1. use std: :any:: Any; 
PAR # [derive (Debug) ] 
3. enum E if H, He, Li) 


> 12849923012446332737 | 
> 563186/483134288688 | 
: 12999454250885020441 ) 


E 
t 
t 
ES 1229646359891560712 | 


4 Struct S jf xi UB, VE no, SE ULO | 

5 fn print any(a: 6Any) ( 

6. TE let Some (y) = awdowncdst refissusZz>() 4 

7 printini Ces 162)"; Ws 

8 | else LE let Some (Y) = 2.gewneast ip 1 
os printin! (“enum E ty? 1”, WA 

10; b else 1f let Some(v) = a,dovncast refi:<5>() 4 
La s BRETHLILNHILUBLEHEBL S días I II YUĞ TY) MIE 
LA, ) else { 

bö. printini ("elsel”), 

14. ) 

19. d 

16. fn maiñ() 4 

dandi a print any(& Üxcüffee u32); 

18. print any(& E::He); 

19, print any(& S{ x: Üxde, y: Üxad, z: Oxbeef }); 
20, PEIRE Any(k "Eust”). 

Zl, print any(& "hoge"); 

22“ J 


000012-20000s0150000print any (000 «Any 00000000 
print _any[| Lif let O Odowncast ref IILI b bp i LI TE 
LİLİLİLİLİLİLİ 

[main TTT print any NDOO 
LLİLİİLİTİLİtraiti TEJHIEIDBIDIEII CIC ELA nya OOOH OOH 2-600 

00001 2-6Q0000 

u32 cOffee 
enum E He 
struct S de ad beef 


else! 
HUU& Any pp BexrAnyt b iili t 2- 7000 
000012-7000Box[ Any 


QO — O) OU! Y GW MN EFE 


Ko 


pa LA = = 
CO N e O e 


use std: :any:: Any; 
fn print if string(value: Box<Any>) { 


if let Ok(string) = value.downcast::<String>() { 
printin! ("String (length (P): [J"; IR -LENU y SEELKGI 
else] 


printini ("Not String") 
| 
| 
fn main() { 
let my string = "Hello World".to string(); 
print if string(Box::new(my string)); 


print if string (Box: :new(018) ); 


"d 


000012-70000print if stringDEUDbbBexpAnyr iiit 


Q0ndoBox HA nyc HUDU 2-9 D E print any 
LİLİLİLİLİLİLİLİ 


HUBS prat let0000000 Box[JAnyl]00O0downcast(] bp 


StringliLiLiLdovvncasti I IILI Result II 


HUUU 2-STİLİİ 
00001 2-S00000 


String (length 11): Hello World 
NGE String 


12.1.3 P00000000 


LILİLİLILİLİLİLLİLLLLAnyl 0000001 2-900 
100012-90000000000OOO0DAny 


8. 
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use std::any::Any; 
Struct. Unotarıcs”a> 1 x: &'à 132 | 
fn main() { 
let a € 42; 
let v = UnStatic { x: &a }; 
let mut any: &Any; 
//any = &v; // WEAR 
) 


100012-2000000000000000Unstatic[]]al000000000000 
[static 100000 


[main 000060000000 eA nv TI Danyri i ld 7 UL] U n Static TTE] 
LLİSevliLillanyl IILI I 


TD o tal TTT OT 2-100 


HU 


LLİ1112-101TİTTİLİLLİLLİLİLLLİUnStaticiTi 


Ko 


Own O) UN i» W N PR 


use std::any::Any; 
struct UnsStatic<"a> | x? a 132 7 
Static ANSWER: 132 = 42; 
fn main() { 
let v = UnStatic { x: &ANSWER }; 
let mut a: &Any; 
a= Av, 
assert! (4.18 <UNStatELe>T) 7} 


} 
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S.ANSVVERLULLELELLLmainliHİLEES.ANSYVERTEEUnstaticllliv 
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2 pub Struce Foo; 

3 fn main () 1 

4. let x = Foo::new(); 
5 assert eq! (x, Foo); 
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1. fn main() í 
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ER a + b+ (c+ dlÜl ) + e; 
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1. fn main() { 

let map = hashmap! { 
"a" => 1, 
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assert eq! (map["a"], 1); 
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let mut map = ::std::collections::HashMap: :new() ; 
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std] collections [| HashMapll100000000000000 


0005070000000000000000000°$0...0**00000000000000 
LİLİT map DEDO Tİ TOEIC III III TL JL TL 


LllhashmapillİLLULİLİLİİİİİLİLİ 2-27000 
000012-27hashmap 00000000 


1 let mut map = ::std::collections: :HashMap: :new() ; 
2  map.insert("a", 1); 

Sv map. nose D", 2); 

ü map 


00001 2-27D0000000000000000000000d0000000000d00000 
E İT İLİLİLİLİL İTİL İTİ İLİL İT İLİ LİLİT İL İLİLİLİLİL İTİL İLİLİLİL İLİ İTİLİLİLİ 
LİLİLİLİL İL İLİLİİ İLİ İLİLİLİL İİ İL İLİLİL İTİL İLİİLİL İT İLİ İLİLİL İT İLİLİLİLİL İLİLİLİLİLİT İLİ İTİLİLİLİ 
LİLİLİLİL İLİLİL İİİ İLİ İLİ İLİLİLİL İL JE TC TTL TL 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİ1 2-260 


000012-28f]hashmapi İTİTİLLELİLLLELLLLU 


1. macro rules! hashmap { 


Z (S (Skey:expr => $value:expr,)”) => 
Bu { hashmap! (S (Skey => $value),”) |); 
4 (S(Skey:expr => $value:expr),” ) => { 
5 { 
A let mut Map. = $i19tuji:collections:iHasShMap::new(); 
T, > ( 
8.  map.insert ($key, $value); 
9, p" 
10. map 


ll ) 
12% pa 
15% 3 


0000 12-28 00 2 000000000000000000000000°$0$keyll 
expr=[]$valuef]expr[])**0000000000000000000hashmapil00l 
00000000 hashmap[ TIS D Skey-[1$SvalueDL* D^ 000000000 
“hashmapilil]al]=[10060=10200000“hashmapllillal]=0100b0 
=120°00000hashmapll00000000001 2-270000000000000000 

OOOOOOOOOOOOOOOOOOOOOOO0000000012-29000 


00001 2-290000000000000000 


1». Macro rules! hashmab: | 

2 (S(Skey:expr => Švalue:expr),* $(,)*) => | 
3 { 

4 let mut map = ::std::collections::HashMap: :new() ; 
5  ( 

6.  map.insert($key, $value); 

7 j 

8 map 

CR 

LU, Es 

Ld. J 


DU) 2-2 900000000" $T$keyfllexpreli$valuellexprilT” DLL] 
00000 “SUNU “ DUL” SUSkeylDexpr-[]$value[]expr]E*SUDUL]) * UI 
LİLİLİL İL İLİLİL İİİ İLİ İLİ İLİLİLİLİLİLİ İLİİLİ 

00 hashmapll0000000000000000000000000 HashMap UL 
LİLİLİLİL İLİLİL İ TD TEILTE İİTLİLİLİLİ İLİİLİ 

LOIDEIEIBCOIDEIEEDCIO EIE don unun 2-3000000000 


00001 2-300000000 


le det Gap = KE stem CDS 
2: let mut map = HashMap::vith capacity( cap); 


0000 12-30 (00000 len 0000000000000000000000000 
HashMap[]with capacity[)1000000000len000CT] 0000000000 
0000“0t001000len([..10*00000000000000“1001*00000000000 
00000000000000000 String 0000000000000“00*0000000000 


000000000000000000000000000°1001*0000000000012-8[] 
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* LİLİLİLİLİL İLİ İLİLİLİİ İTİLİİLİİLİ 
* LİLİLİLİLİLİL İLİL İLİ İLİLİLİLİİİ 
* LİLİLİLİLİLİLİLİLİLİ 
LOIBEIEIBCIDEIEDCOIDEIEEBCIO Dodo 12-3 1111) 
000012-310000000000000hashmapil] 
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macro rules! unit { 
($I9x:tE) *) => (0) 
) 
macro rules! count { 
($(Skey:expr),*) => (<[()]>::len(&[$ (unit! (Skey)) , *])); 
) 
macro rules! hashmap { 
(5 ($keytexpr => $value:expr),* $(,)*) => 4 
{ 
let cap = count! ($(Skey),*); 
let mut map 
= Xistd?icollections: :HashMaps swith Capacity | Cap); 
> ( 


 map.insert ($key, $value); 


. En main() { 


let map = hashmap! { 
"a" => 1, 
"b" => 2, 

J; 


assert eq! (map["a"], 1); 


. ] 


00001 2-3100000000 uniti | ]coun t HUUU 1 2-9 0000 


LİLİTİLİLİLİLİTİLİLİLİİİLİİ11 2-9 0 TE] 


($($key:expr),*) ($(5key),*); 
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0000 12-31 00000000000000000000000000000hashmapl] 
0000000000000000hashmapl000000000cratell0000000000000 
LİLİLİL İL İL İLİLİİ LALA İT İLİLİLİLİL İL İL İİ İLİL İT İLİLİLİLİL İLİLİLİLİLİL İLİLİLİLİLİL İLİ İTİLİLİLİ 
000000000hashmapfl000000000000000001 2-32000 


000012-32hashmap 000000000 


1. macro rules! hashmap ( 

2 (Gunit S(5x:tt)*) => (0); 

3 (@count $(Srest:expr),*) => 

4 (<[()]>::len(&[$(hashmap! (@unit Şrest)),*1)); 
gu (S(Skey:expr => $value:expr),* $(,)*) => { 

6 ( 

7 let cap = hashmap! (@count $ ($key) , ”)/ 

8 ler, mur map = 

9. sistai:colledilons :sHasiMapıswLth Gapacity ( Gap); 
10. > ( 

Lİ,  map.insert ($key, $value); 

Lə. də 

LB s _map 

14. } 

135; F 

16. } 


10000012-320020400000unit 000 count 00000000 
hashmapi|(I II LIL On on Dodo do don 7 DEL Ba sm a or TT 
LİLİLİL İL İLİLİL İL İİ İLİ İT İİ İLİLİİ İLİLİLİL İLİ İLİ İLİTİLİLİLİLİ 


00”Cunit”0”Ccount”000000000000000000000 İİ 00000 


LİLİLİLİLİLİLİLİİLİLİT İLİLİİLİLİLİLİLİLİLİLİLİLİİLİLİ İLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLT” © 
100000000000000000000 unit TT unit OUL 
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 00000000000000000000001 2-3 2000 
 ÜNightly(]000000Eeaturel]trace macrosl UI 
00001 2-330 0000000001 2-3 2T] EE hashm a p 00000000 
000012-3300Uhashmap||| 


#! [feature (trace macros)] 
macro rules! hashmap { 

(Gunit $($x:tt)*) => (()); 

(@count $(Skey:expr),*) => 

(<[()]>::len(&[S (hashmap! (@unit $key)),*])); 
(S(Skey:expr => Svalue:expr),* $(,)*) => ({ 
let cap = hashmap! (count! $(Skey),*); 
let mut map = 
¿i SEd? :collections: ¢HashMap:twith capacity ( cap); 
> ( 


_map.insert ($key, $value); 


. fn main() { 


trate Macros! (true) ; 
let map = hashmap! { 
"a" => 1, 
"p" => 2, 


000012-35000000Heaturef]trace macrosf]100000000000 
Nightly 000 Rust000000000170000hashmap 0000000000 
trace macros[][true(000000000000 


000000001 2-340001 
00001 2-34 000 hashmapi 00001 


note: trace macro 


= note: expanding “hashmapl ( "a" => 1, "b" => 2 , )` 


= note: to | 
let cap = nasnmap ! ( count | "à" , TP ) ) 


Let müt map = ¢sstdiscollections :3 HashMap ti with Capacity | cap) / 


fap . insert. ( "a" , l ) j 
map + insert ( "b" , 2) ; map} 
= note: expanding hashmapl { count ! "a" , "bp" |) 
= note: to € l ( ) ] > z; len ( 

& | hashmap | ( unit ! "a" J , hashmap | ( unit | "b")7]) 

= note: expanding hashmapl { unit ! "a" | 
= note: to `( )` 
= note: expanding hashmap! { unit ! "b" j^ 
= note: to ( )' 


00001 2-340000000000000000000000hashmapl000000000 
trace macrosi İİİ İİ İLİLİLİLİ İLİ İLİ IILI İLİTİLİLİLİ IILI 


LİLİLİLİLİLİ? 


UUB D Hygienic 
MacrollRusti İLTLİLİİLİLİLİLİLİLİLİLİLİLİLİLİ1 2-3 5000 


UU0012-35SUU00U0U000 


l4 Macro. rules: sum 4 

2: (Se:expr) => ({ 

JA let a = 2; 

4. Se + a 

2. J) 

Di ) 

Ys fn main() { 

8. let four = sum! (a), 


9. ) 
00001 2-35000000000000001 2-536000 
00001 2-3600000 


error[E0425]: cannot find value a in this scope 
==> src/main.rs:8:22 

| 
ö | let four = sum! (a); 


| ^^ 


not found in this scope 


1000 12-56 TİLİİLLİLİLİLİLİLİLİLİLİLİLİLİİLİİ etn idihsuwnmr lbi dE 
0100000a00000000012-37000 


000012-370000sum 000000 


1. fn main() { 

2 let four = { 
Ja let a = 2; 
4 ata 

2 be 


6. |) 

ODC Dh us UI 
LİLİLİLİLİLal TTİTTİTELİRusüİ 0000000 

Rust TİLİİLİLİİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİULİLİULİLlovd III! 
LİLİLİLİLİLİL İL İİ BOO İL İT İTİL İLİLİLİLİLİLİLİLİL İİ İİ TİTİİTİLİT LİL İLİLİLİLİLİLİLİLİLİLİLİLİİ Tİ? 
LİLİLİLİLİL İL İTLİLİLİLİİ İT İLİTİLİLİLİİ İTİL İLİTİLİLİLİT Rusi (UI 
UU 

00/00 


DUTOT) 
hashmap OLOO 00000000 cargo UO UDO DOUD 
hashmap liteQQ000U0sre/main.rsqQ000U0sreQououuuu000ub.rsgou 
00000000012-s8001 


000012-38[]hashmap lite] III 


— Cargo.toml 
—— Sco 
| I— tiD rS 


| L—— main.rs 


0000hashmap0000000000sre/ib.rs00000000012-39000 
000012-390src/lib.rs[]000 
1. #[macro export] 
2. macro rules! hashmap | 
ə. // KAA 12-32 
4. 4 
00000012-3900000lmacro. export] (00000000000 
hashmapfl11000000000000src/main.rs(]000lmacro use100000 
00000001 2-40000 
ULLUL12-4011src/main.rsi 000 
// Rust 2015 
// #[macro use] extern crate hashmap lite; 
// Bust 2018 


use hashmap lite::hashmap, 


ka 


fn main() { 


let map = hashmap! { 


RP RP EO — O) LI BEN 


"a" => 1, 
"b" => 2, 
J; 
0. assert eq! mapl”a”l, 1; 
1.) 


000012-4000000Rust 201500000 [macro use lLILLMlextern 
cratelİlTilillhashmap lite TilililihashmapliLLlimainl 0000000 
LüLhashmapliELİULLULELLİLRust 201500000000000000extern 
crate [OO [macro use] 0100000 Rust 20180000000 use [| 
hashmap hİteliUhashmapliLLLULULUULURust 2018 0000crate (000 
1010000000000000000000000000000000 


Olmacro use]00000000000000mod(0000000000012-41[] 
HO 


000012-41 000) fmacro_ues] mod TI 


1. #[macro use] 


2. mod macros { 

Ss macro rules! X ( () => ( YCF Y ) 
4. macro rules! Y ( () => {} | 

Sa ) 

6. İn main() í 

7. A 


8. | 
00001 2-4 10X000000000 


LİLİLİL İİ İLİLİİ İLİ İLİLİLİ İLİLİLİL İL İLİLİ UO OOO İLİ İLİLİT İLİLİLİLİL İLİTİLİLİLİLİLİLİLİLİL. 
0012-42000 
000012-42[]mycratef WITT nc 
La Bub Lü Inerix: us) => 132. 1 
x+1 
} 
#[macro export] 


macro TULEST The 4 


Om A € N 


(Sx:expr) => ( ::mycrate::incr($x) |) 
Te J 
00001 2-42TİLElmycratelf OHOOO era Ain ce HHH 
LILILILILILNL”DLEmyeratellllincrll$xlT”TİTİTİTİTİTİTİLİLİLİLİLİLİLİLİLimyycrate 
000000000000000001 2-4 3000 
LULILIL]T2-43[]extern crate mycrate|[][|[|mc 


1. #[macro use] 
2. extern crate mycrate as mc; 
3. fn main? ld 77 s 1 


ULULLUL12-435HULULULLLİncliULİULLLLLLULULULURusililiNiiLL 
0000000000000$crate[]000000012-44000 
000012-44[00$cratef[] 


1. #[macro export] 
Še Macro. rules: ane 4 
ce (Sx:expr) => ( Scrate::incr(Sx) ) 
4. ) 
00001 2-441 TiSecratefİLİ TİLLİ 
01000000000000001 2-430000000000“0O0mcfOincrl]$x0 "TL ] 
IOC 
LİLİLİLLİ 
Lllmacrol || || | 
00000 Nightly (00 Rust 0(000000Lfeaturef[]decl macrolliLi 
00000 macrolTTİTİLTTİTLİ 2-45000 
00001 2-45 fmacro[ İİ 


t! [feature (decl macro) | 


Ee 


WA macro unless($arg:expr, $branch:expr) | 
3. ( IE 15arg 1 Sbranch JJ); 
4. ) 
24 In cupias 22, DE 232) 4 
6. unless! ( a > b, í 
Ty Brineln! I ys 01” a, D); 
8. )); 
da ) 
LO» Tn marini) 1 
LT let (a, b) — (1, 2) 
12 cmp (a, b) 


0000 12-45 [] [] L] macro D] D] D] D] D] [] unless (1 U U U U U U l] 
macro rules(]000000000000macrof]000000002.000000000000 
0000000000000featurel]O000 
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QDD ROO OOOO OOO OO OOOO OOO OOOO OOOO 
LİLİLİLİLİLİ İTLİ OUT OUT UO HUOT UO OUT 
0000Rust0000000000000000000000000000000000000000000 
Nightly[]|][]Rust[][][][][feature[]plugin registrarf]]000featuref] 
OUUU 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İL İLİLİLİ İLİLİL İİ OOO İLİ İLİLİT İLİTİLİLİL İLİLİLİLİİLİLİLİLİLİL. 
0100000000000000000000000000000000Procedural Macrosl 
112-100 0000000000000000 


ilibrustc plugin: = > AST 
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| | H D 
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a iL ıı ıı a ıı a LAA a ıı ai " 
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" > " “ 
" . a “ 
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irustc libsyntax: E t 


syn 


| libsyntax i —— AST 
: parser 





[112-1000000000000 


Rustl]0000000000übruste plugin III IIASTTII III 
00000000004bsyntax(100000000000000000000000000000000 
LİLİLİLİLİTİLİLİİLİLİLİLİTİLİAS ETIBEIT E Rus VTT EIER us CETETEICIDI 000 


LILILILILAS TİTULA S PO DO DO don nu ununu unun 
LİLİLİLİLİLİLİLİLİLİLİL? 


000Rust00000libsyrntax[]100000000000000000000000000 O 
00000000 libproc macro HO0O000000000 O0TokenStream[ OU 
0000000000000000000000000000000000000000000000000 
(libsyntax[0000parserl oy 


1010000000000000000000000000000000000000000000000 
100000000000040000000000000000000000000000000U0U0U 0 syn 
[|] quote (UU syn (00000000000AST000000000000000000000 
00000000 0guote000000AST00000000000000000000000000 
00000001 2-1 09000000000000 

000000Rust000000000000000*07000°0070 

0 ORust000000000000000000000000000000000ASTUODU 
LİLİLİLİLİLİLİİİLİTİT Tisyni İquotel | 110000 00000000000000000 000 

“YU 0000000000000000000000000 

00000°0*0°00°000000000000libproc macro[]0000000000 
000000000proc. macro2[]0000ibproc. macro[]0000000000000 
1000000000000000000000000 

11010000000000000000 0 

0000000 aam m deriveflDebug[)1000derive[]000000 
TIDUDDUODDUDDDODDUOTT RFC rHBaadpapulipiiiuiiuiimt.1 
[|Macro1i.1[]] 

00000 0000000000Lctg00100000 

: Bangl| Iillmacro rules[]00000000Bang(l000000 “00000 
LİLİLİLİLİLİLİTİLİTİLİİLİ 

LLILLLLcargollLLTİLTbTİTELELsimple proc macro 00000 
III 2-4 600 

000012-46[|simple proc macro [10000 


— Cargo.toml 
— Bro 
| L— lib.rs 
L— tests 

L— test.rs 


[Cargo.toml HLLLLUproc macro 00000001 2-4 7000 
000012-47[[Cargo.tomil| İTTilibi HUproc macro 
[lib] 


proo macro = True 


00000000000proc. macroD Db E] 
LİLİLİLİLİLİ? 


HLLUTDD (4! p00000000000000000000000000000000000 
0000Osimple proc macrollLtests/test.rsl HİHLULUUULULUULULULUL 
LLLULL12-481TİT) 

0001 2-48|Jtests/test.rs III 
#[macro use] 

extern crate simple proc macro; 

# [derive (A) ] 

Struct A; 

t [test] 


fn test derive a() ( 


© € O) GI BEN PR 


assert eg! ("hello from impl A".to string(), A.a()); 
) 


000000000000000000000 [derive[]JA[1 000000000A00000 


00000a000000a0000000000000000070000000000000000000 
000000lmacro use] (0000 


OOsrc/lib.rs000000000000000000001 2-49000 
HLLL12-491Tisrc/lib.rsi 000 [deriue A TİHLL 


extern Crate proc macro; 
use self:3proc macro: :Tokenstream; 
[proc macro derive (A) | 
pub fn derive(input: TokenStream) -> TokenStream { 

let input = input.toe string () ; 

assert. tınpu.coneasınıs ("struct Az”) əş 

rı" 

impl A { 
fn a(&self) -> String{ 


CO — ÖY Ül ye (3 Mi ka 


Ko 


b. format! ("hello Erem amp. A") 
AT, } 
LS, ) 
13. "+. parse() .unwrap () 
14. ) 
HOHO Rust 20161] 


000012-49001 0002000000 RustUBlUproc_macron 000000 
Tokenstrem(]00000000000O0proc macrof][] RustUQ000000 
Cargo.toml]10000000000selt 00000000 


000 3 000OLproc macro derive[]JA[1]1001000000000000000 
NDOO LIA DLE derive AT ATI 


0004000000derive00000000000000000Tokenstremi]0000 
0000 TokenStrem||] 


000 5 O0U00OOD input DUDU 
LİLTTİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLA S TOOL 


LEE Darm Dim putt E p ELTE deriver jAT TET EIDIDELATIIETET UTE 
UU derive AD INOOH 
IILI derive tcl] 

000 7013 000000000000000 parse 0000000000000Result 
LiTokenSteamliErr1 1 İLTİİLİİİLİİİLTunvvrapiiLİLİİLİLİLİLİLİLİLİLİLİLİLİLLİ 
000000a000000000000Tokenstreami ETEEID EIE e III TL 
LİLİLİLİLİLİLİİ 


LİLİLİLİİTİTTİcargo test (ITT 


III 


LİLİLİLİLİLİ İTİ İLİ İİİ İT İLİ T İTİ İLİ İLİYİ LL LL 
LULLLLİLULLLİLİULULLLİLİRustliLİUULLİLLLULLLLLUULLELLULcİgtl 00 
OOO test) KAO Rusi UU 
HOUUUOUOOOUUUUUUOOOUUUUUOOOUUUUUUUUNightlyQOOUUUU 
[feature[]custom attribute[]] (10000000000000NightlyRust 
1.51000000000000000000000000000000 


LİLİİLİLDDİ Tİ TİTLİLİİLİLLİLİLİLİLİLİİİLİtesis/test.rsi VTT 
000001 2-50000 


Lİ1111112-50111İltests/test.rsi TTİİLTLLİLLLE 


#! [feature (custom attribute) ] 
use simple proc macro::attr with args; 
#lattr with args("Hello, Rust!") ] 
Lih Lool) +) 
t [test] 
Lh test TOOGA) 1 
assert. eg! (foot); "Hello, RBusti"); 


E E X M Zi, e am 


) 


min: 12-50 (0000Lfeaturef]custom attribute[]]000000000 
0000000000000Nlattr with argslillHellollRustTİTİLİ İTİHHLLL 
foo[]1000000foo0000000000000000000000000000012-500070 
OOL 

0000src/lib.rs10000000000000012-510000 


000012-5100src/lib.rsO0000000000000A 


LO own O) NM «BR EW EP 


+! [feature (custom attribute) | 
[proc macro attribute] 
pub fn attr with args(args: TokenStream, input: TokenStream) 
-> Tokenstream 4 
let args = arğs.to stringi); 
let input = input.to string(); 
tornat!" ta To) => Siet str it i} ll". Bros) 
.parse() .unwrap () 


) 

000012-91 001000000 [feature[]custom attributelliLILIL 
00020000lproc macro attribute]100000000000000000 
0005000000]attr with args]00000000000000 Oargs[! 


input[]00TokenStream[]0000000TokenStream[]00000O0args[]0 
000000000Olattr with args[[]Hellof |Rustf III (00000000 0 
0Oinput0000000000000000000foof] 


000s000600U0Oargst input (OTT 
0007000iormat[]Jargs(100000fooll000000000000O00 


parse U 0Result(TokenStream JErrl]00000unwrapl]0000 


¡cargo testi VIII 
Bang]! 
000000000O0macro rules Tifflfihashmapl İİ İİİLİİLİLİLİLİLİLİİLLİ 


0000000000000000 basboma ol ITT 12-9200 


KO OO — O) NM A W N HB 


TIIITILÄ-3AAlllTltestsitest rel TiLlhashmabpi 0000 


#! [feature (proc macro non items) ] 
use simple proc macro::hashmap; 
#[test] 
fn test hashmap() { 
let hm = hashmap:| "a": Ly ”D”? 2,13 


assert eq! (hm["a"], 1); 
let hm = hashmap!{ "a" => 1,"b" => 2,"c" => 3}; 
assert eq! (hm["d"], 4); 


000012-52000000Lfeature[]proc macro non items[]]10000 
0000000000Bangll0000000lmacro use HIT TUusef III 


0000000000hashmapl00000000000000000500070000 
O0src/lib.rs11000000000000012-53000 
000012-530000src/lib.rs000000 


L. wl [feature (prec Macro non regel 

2. ¿[proc macro] 

3. pub fn hashmap(input: TokenStream) -> TokenStream { 

4. let input = input.te string: 

SS, LƏL input = inpçüt.trimn Tiqht matchesi", Ti? 

O. let inputs Vee<String> = uinput.split(","),.,mapí|n| 1 

Ty let mut data = TE nseentains ("ET 4 nəspliti”:”?) I 
8. else ( n.split(" => ") }; 

9. let (key, value) = 

(cf (data.next () .unwrap(), data.next().unwrap()); 
bl, format! ("hm.insert({}, {})", key, value) 

LZ. }) .collect.() 7 

La. let count: usize = input.len(), 

14. let tokens = format! (" 

15. { { 

16; let mut hm - 

ld. SER: $OallectlonstiHashMap: with. Capacity (4 KI? 
13, t) 

L4. hm 

20. kafe COUN, 

21; input.iter().map(|n| format! ("{};", n)) .collect::<String>() 
22, )4 

— tokens.parse () .unwrap () 

24. ) 


08001 2-530000000[feature[|proc macro non items II 
000000Nightly Rust! ITU prec macro lp] 
l lhashmapil[ i iIBangili I pp Token Stream! VI 


O0Ohashmap [101000000000000 input (00000000000000000 
00formatf]00000000000000000parsel400000000000000000000 
LİLİ 

00000000000000Bangll000O0macro rules(]0000000000000 
0000000012-25000000000000000000000000000000 

(proc macro 000 TokenNodefTokenTree[]000000000 
0000000 TokenStream [] guotel]000000000000000000000000 
OOUOOOOUUOOOUOOL 

OOOOOUSyn| quote 

LELLELproc macrol TİTTİTTTİRustİ I ILILILILILII IILI ya 
[quote [| ][]]][iproc macro2[]110000000000000000000000000 
LLL serdel TTT fisynliquotellLİLİLİLLLİLİLLİserdell 
HEIEIEIserder pit] 


UOUUsynQUUUU RustQQQUUUUUUU qw ete TD] syn 00000000 
proc macrof | [TokenStremf (000000proc macro[]syn[]quote|[] 


00000000000000derive-new 121 9 

[cargo new(]000000derive-newf]OOOtests/test.rs(]000000 
0000012-54000 

0010012-54[deriue-new 00000 


1 Cargo.toml 


I SIC 


| L— lib.rs 
L tests 
| — test.rs 


000Cargo.toml11100000000000012-55000 
000012-55[[Cargo.toml[ 000 

[lib] 

proc-macro = true 


[dependencies] 


quote = "0.6" 
syn = "0.15" 


proc-macro2="0.4" 


(ID) 2-55 Q00000Uproc-macro[[UULbQUUUUUUUUU quote 
0.6Llsyn 0.151İHLTİLİLsSYniİquotel İLİİLLİİN0.1 2ELTLLLLAPİITİL 
III 


DUU DDT Tldertve new UI TU Eme wr 0000 
tests/test.rsi ITT) 2-9 6000 


LLLULU13-5611tests/test.rsi 1100000 
lL. use derive new: : New; 
2 // FF RES MA 
3 #[derive (New, PartialEg, Debug) ] 
4. pub struct Foo {} 
5. // BATRE 25348 
6 t [derive (New, PartialEg, Debug) ] 
7 pub struct Bar { 
8 pub x: 132; 
Gr pub ve String, 
10. | 
11. // SAM 
12. #[derive (New, PartialEq, Debug) ] 
l2. pub Struct. Bas; 
14. // AZAR 
15. #[derive (New, PartialEq, Debug)] 
15. pub strüsct Xupbple(sub 132, pub 132) > 


000012-56000000000000000Iderive[]Newf]PartialEgf 
Debugili 00000 Newt]000000000000000000000000000000 
new[]00000000PartialEgf]Debug[]00000000000000000000000 
DLE Rust LL 


LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİLİLİLİLİnevvl ai HOOD 2-57 
OOL 


000012-57[tests/test.rs İiTTTinevvi TİTETİİLİ 


1. #[test] 
24. İn test empty struce() | 
du let x - Foo::new(); 
4. assert ed! (X, Foo i; 
m J 
6,  # best] 
Te In test simple surucu() 4 
P let x = Bar::new(42, "Hello".to owned()); 
9. assent. eqi (x, Bas 1 Xo 42, y: "Rello", Ee owned() 1); 
LR, J 
Il, FLIESST] 
LA. Lib LL, unit SEFUBCO d 
1. let x — Baz::new(); 
14 assert eqli (x, Baz); 
ho, d 
16. # [test] 
Ls rü test simple tuple estruce() 1 
18. let x = Tuple::new(5, 6); 
19% assert eq! (x, Tuple (5, 6)); 
ZO... J 


LİLİLİİ İLİ İL İLİLİLİ İT İL İLİLİLİİ İİ İLİ İLİLİLİL İL İL İL İTİLİLİLİL ee w T TET 
0000src/lib.rs000000000000012-580]00 


000012-S5št]src/lib.rs1]110000000 


extern crate proc macro; 
use | 
syn::(Token, DeriveInput, parse macro input], 
quatei:2*, 
proc macro2, 
self::proc macro::TokenStream, 
y; 


[proc macro derive (New) | 


XƏ c=] (ÖY EH «Es Co "Pei E 


= — ES ES. E + ES 
On U1 HS O Nh K- 0 ə 


pub fn derive(input: TokenStream) -> TokenStream { 
let ast = parse macro input! (input as Derivelnput) ; 
let result = match ast.data { 
syn: :Data::Struct (ref s) => new for struct (sast; &s.fields), 
o => panic! ("doesn't work with unions yet"), 
J; 
result.into() 
«d 
000012-58(010700000000Tokenstream[[ 
000 8 000Olproc macro derive[]Newl]1000000000000000 
[derive [New TI 
000 9 00000 derive UNUNU pub 000000000000000000 
TokenStream [0000000000000 
- LILlparse macro inputlliLinputi O0O0synl0Derivelnputll 
010000000U0000100000 
 UOast.data[]100000000000syn0Data[]syn(][00000000000 
WOOO M Struct VU DataStruct [] |] Enum (| DataEnum [0 Union 
[Data Union[]10000000000000000000000000000000000000010 
new for struct0)0000000000110140000 
 00000000result]000proc macro2lTokenStreaml1LULLu 
0Ointo0]000000Tokenstream(000000000160000000 
proc macroz21iLiLiLilHbroc macro[]000000000Rust 1.150000000 
Rust 1.500000000000000000000 Rust 


0000000new for struct(1000000000syn[]0Derivelnput[ [0 
000000000proc macro derivef]11100000000012-59000 


000012-59[sya| |0Deriuelnputl] [00000 
1. // syn::Derivelnput 
2 pub struct Derivelnput { 
3 pub attrs: Vec<Attribute>, 
4. pub vis: Visibility, 
5 pub ident: Ident, 
6 pub generics: Generics, 
Ta pub data: Data, 
Da J 
HOOD 2-990] ]:]berivelnput (NULL ILILI LI LIL II ID 
- attrs (000 Vec[]syn[][]Attribute[](]L]E]syn[]L]Atrribute TI 
Lu repro c rb Vect rid D d BOB DTETB uu nunu DICE 0000 
‘vis [UsynUVisibility NDOO 
: ident [[[syn[[]Ident(]110000000000000000 
: generics [|[|syn|]|jGenerics[]LHLlELLILILILIL] 
: data TllisynliliDatal HOHO 
HE EIDerivelnput E EIBBUBBUBUUCraitE EDIDI 2-6 0E TET 
000012-600syn ]DDeriu eInput| | j| ]| ]]niBarse[][ | 


impl Parse for Derivelnput(..) 


bu 

2. pub trait Parse: Sized ( 

a fn parse(input: ParseStream) -> Result<Self>; 
4. 


) 
[syn 0.1511lLParseLiSynomillLlLisyn 0.150005ynom 000 
Parsel iLiLiLiparseliLHLUULUUULULUHsynliLparsellLUParseStreamll 
LLsyniiiLiitokenliLllliLİTokenStreaml 000 


LİLİlİliparse macro mputi İLİ nb m bd Parse E E TEL 
[] Derivelnput I UUUUUUUUUUUUDUUDUUDUUDLULL 
parse_macro_input|[ as 10000 0000as 000000000000 


OOOO parse macro input]00000000000 synlOparse HOHO 
0000dinputlsyn0Oparse 000000000000000000000000000000 
O0O0synO0O0parse(00000000012-61000 


ULLL12-6111syni || ¡parse 110000 


pub fn parse<T: Parse>(tokens: TokenStream) -> Result<T, Error? 


LİLİLİLİLİLİİTİTİİparsel İİ UU) 2-561iLlisynlillparsell 
llinputli IL isyn[iIiDrivelnputli[i i II vol VU DriveInput 
UlTpoarsel III IsyniiiDrivelnputli[iii II! 


LiLiLisyn DODOOODd000 Rust OUUUUUUUUUUUUUUUUUSYya CIE] 
Parse || parse macro input[|/syn(]|]parse LİTİTİLİLİLİLİİTİLİLİLİİLİLİLİ 
OOokenstream(1]0000000000syn0000000012-11000000syn[ 
010000000Tokenll...10000000000ASTU00000000syn000000000 
ASTUI LI 


struct && impl Parse 


parse macro input! 
(input as T) 
OR 


syn::parse<T> 





[]12-11[]sy nD TİLLİ 


00syn0000000000derive-new(]0000000000new for struct 
0000000000Rust0000000000000000000000000000000000000 
12-62000 


000012-62[[Usrc/lib.rs TiULLinevv for struct| |] 


1. // HABRA, HAAR 

2 LA DER Lor ELTUELIASLI ASVAKIDEELVETAPUL, LIELOS: seyi SCH 18108) 
3 -> proc macroz:sTokenStream 

4. { 

72 match *fields { 

6 syn::Fields::Named(ref fields) => | 

7 new impl(&ast, Some (&fields.named), true) 

8 by 

sir syn::Fields::Unit => { 

10. new impl(&ast, None, false) 

i tm I, 

(SCH syn::Fields::Unnamed(ref fields) => { 

15, new impl(sast, Some (&fields.unnamed), false) 
14. is 

LB. ) 

LS. J 


0000 12-62 [new for struct (100000000ast O fselds[ |[ [J 
ast []syn[]|[]DeriveInput TILILILIMHelds (| syn[]|]]Eields (00000000 
LLüproc macro2[][[TokenStream TILULLULUULLU derive [1000000 
000000proc macro2[]TokenStream[||[|[ | 

00000syn00Fields(]000syn00Expr(0000000000000syal] 
Fields(]00000000000000syn[OFields[ ] JNamedl|syn[]]]Fields[]] 
UnitlisynlliFieldslilfünnamedf TTT 
HR 

00000000000match[ felds[]00000000new impi III 
asil İTİTTİTTTTTİTİTTİTİLİTİT İTİ İTİ İTİL? 

LILILİLİLİLİLİn evv: impi 00000001 2-63000 

000012-6300src/lib.rs[[000new impliT 


1. İn new impl(ast: &syn::Derivelnput, 

2 fields: Option<ésyn: :punctuated: : Punctuated 

3 <syn::Field, Token![,]> 

: Ps 

D. named: bool) -> proc macro2::TokenStream 

6. | 

7 let struct name = fast, ident; 

8 let (Impl generics; ty generics, where clause) = 
B, ast..generics.split, for impl(); 

10. let (mut new, doc) = ( 

LI s syn::Ident::new("new", proc macro2::Span::call site()), 
Lë, format! ("Constructs a new 1()7.", struct name) 
13, ); 

14. let args = "TODO", 

13; ler ante = "TODO": 

18: quote! { 

La impl fimpl generics fstruct name #ty generics #where clause { 
18, t [doc = #doc] 

19, pub fn #new(#(#args),*) -> Self ( 

SH, #struct name finits 

21. } 

22, } 

or ) 

24. ) 


000012-650000new impl[Diiiitibinasttnamedr[ 0000000 
fields[]Option[|&syn[][Jpunctuated[][]Punctuated[]|syn[][]Field[] 


Token [0100 0000000000000°00*0000000000000 
0000000 ÖptionlTTTİİİL fields (100000000000000000000 
HLheldsliLİNonell 
 0000syn0Opunctuated[](]Punctuated[TC)P000000000000 
101000000000000000000 
>Punctuated!]Fieldf]Tokenf]110000000000000000 


>Punctuated[|PathSegment[|Token[][HUJOO0000U00000000 
HERR 
x PunctuatedlİTypeParamBoundifTokenlil + 100000000 


> Punctuated[]Expr[]TokenO[01000000000 
OOOO IsyniiIIFieldI Token III IILI III 


00000 fields (UUUUUUUUUUU “Struct(a0110b020c03+*L 
“Struct 102030" QUUUUUUUUUUUUUUUUUUprec_macro2{]]] 


TokenStream[] 


000700000ast[DeriveInputf]00000000ident(000000000000 
HUUUstruct namel] 


 udagetnm9tmutast[genericsriibipn pp BEBE BLTEI 
split_for_implQOUUUUU0UUUletUQUUUUUUUUimpl genericsli 


ty generics where clause[] 


00010013000000new10000000doc110100000000000000000 
Lililililisynllllidentlilinevv (00000000syn40000000000000000 
guote[]000000000000000000000000doc0O 


000140001500000000args[linits 10000000 Onew100000000 
LİLİLİLİL İLİLİLİL İİ İLİLİLİİ İİLİTLİTİLİ TİL. 


LİİL116112 2 Uouotel DUT macro rulesi t abd 
quote HOHO TI "OO macro ruiesl IL] e "Unbaueter piii] 
UU OO" WOU 2-641 | 


00001 2-64 quote i IILI IILI III I 


impl<T> Stuct<t> where T: Trait{ 


#[doc="some desc"] 


1 
2 
is pub fn new(argl: T, arg2: T) -> Selfi 
d DUruUCDİ ergli argl, arya: argzi 

> } 

6 


) 


0000 12-64 00000000 quotel İİİİTİLİİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİİİ 2- 
öəTİ11911İLnevvl bb TilllargslilT” ”Hilİmarco rules 
“$0$args1]0)**000000000000000000000new100000000000000 


LİLİLTTİLİLİLİargsilinitsli HUUU 
LİLİTİLİLİLİLİİLİLİLİLİ11 2-6 5400 


HLULL12-6511Lsrc/lib.rsi TİLİFieldExti Tal İLİLİLİ 
1. // RA LE 


2 struct FieldExt<'a> ( 
3; ty: &'a syn::Type, 
4 ident: syn::Ident, 
3 named: bool, 

6. ) 


000012-650000FieldExt1a1100000000ty0000000000000 
O0ident0000000000000namedi]000000000000000000000000 
LiLinevvL İ İl İl İLİ 11 İF İLİLİT LL LL 


LILILILIFieldExtl iL laTlLILİLİLLLLİLİLİLİLİLİLİLİLİ12--661TİLİL1 
00001 2-66| Tsrc/lib.rsi || Field Ext! laf İİLİLLLLULLULM 


1. ımpl<'a> FieldExt<'a> { 

2 pub fn new(field: &'a syn::Field, idx: usize, named: bool) 
3 -> FieldExt<'a> { 

4 FieldExt { 

Da ty: &field.ty, 

6 ident: if named { 

7 field.ident.clone().unwrap() 

8 } else { 

9 syn::Ident::new( 

10‘, SESTMar U iii". ad” 


ld. proc macroz:i5pan:soall sitet 
12, ) 


13, by 

14. named: named, 

13. } 

Le, ) 

175 pub fn as arg(&selT) => proc macroz::Tokenotream 4 
18; let 1 name = el TANTE} 

Lo. let ty = &self.ty; 

20. quote! (tf name: #ty) 

21» } 

Gef puc In as init(ssell) -> proc macroc: :Tokenstream i 
M LƏL E Name = SAELT.LASMI 

24. let init = quote! (#f_name); 

Az if self, named 4 

26. quote! (#f name: finit) 

A; } else { 

eB s quote! (ftinit) 

29. ) 

30: } 

Sl. 1 


000012-6600 FPieldExt O Nad000000newO 000000000000 
as arg[][1H EE EL EL EL ELELEU E] E] proc macro2 [][] TokenStream III 
as init (000000000000proc macro2[] ]TokenStream]_]]] 

00020150new(]00000000Aeld]syn[]0Field]00000000000 
0000000000000000000ty 000000000Optionf|Ident1000000000 
000synl0Fields(10000000idx11000000000000000 

00017021000as argtrir] Field Ext[ Jal ip an y C] 
ident[][0000000000000000000gucotel000000000000000 

000 221350 [iras init (O000ÖOODÖOOUOOUOOOODOUOUUU 
f namef linit”100000000000000000“Ainit*0000000 

000newl]00000000000000000000000000012-641] 

0000000new impl000000012-67000 


000012-6700src/lib.rs[[000new impli 


13% 
14. 
Dx 
16, 
i54 
18, 
19, 
ZU 
ZI.: 
22. 
23% 


fn new impl(ast: &syn::DeriveInput, 


fields: Option< 
gesyn::punctuated: :Punctuated<syn::Field, Token![,]> 
2, 


named: bool) -> proc macroz: :TokenStream 


let struct name = Sast.i1dent! 
lec Unit = fiélas.is none? 
let empty = Default::default(); 


let fields: Vees > = Tields,unvrap or(&empty) .Tter() 


) 


.enumerate () 


.map (| (1, £)| FieldExt::new(f, i, named) ).collect (), 


Let args = Telas. EE -Mapili eas. 220941)? 
içe inita = E1elas,Arert)mept |i) tras TALE CIA 
let inits = if unit { 


quote! () 
} else if named { 
quote![ { #(#inits),* } ] 


) else { 

quote![ ( # (#inits),* ) ] 
be 
// FE 


000012-6700008021 0000000 

JLI poda 000000 0000000000009 000empetyO 0000 
Default] default HIO 

[11001120000000Hledsi] II FieldExt[]E]a11000000 

000150001400000as argsDas init it pitt 

0001 S02 İTİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİLİLİquotelllİLİLİLİLİLİLİLİLİLİİİLLİ 
TD + Dome": OUT targ1(larg1(arg2lı 
arg2+”1010000000000000000000“0000inits00*0*000000000000 
"Tlarg1[]arg2[)00000000 


OOOderive-new]00000000000cargo test (1100000000004 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİİ11 2-6 8 00 

0000 12-68 0000 [deriue | New [1000000 [new 
Jualue=xxx 100000000 


1. #[derive (New) | 

2 pub struct Fred i 

3 #lnew(value = "1 + 2")] 

4 pub xi 132; 

9. pus vi String, 

6 t [new (value = "vec![-42, 42]")] 

] pub z: Vec<18>, 

8 ) 

9. #([test] 

10. fn test struct with values() { 

Lis let x = Fred: :new("Fred” to owned ()) 7 
12: assert edi 

13. X, 

AS, Fred 1 x: 3, yı "Ered".to owned(), zr em 1-42, 42] | 
195 KP 

15. J 


0000000 12-68 HUUUUUUUNUNUNUNLproc macro derive 
HNevvllattributesllnevvllL İHUHHULULUderiveliLULLMHattributesfllL/l 


III III III 


12.3 00005 


Rust EDD ED E ECCO CHO CIO CIO COLO DC CD CDL IN ig hy 
HOHO Rust Ein DO teaturef plugin registrarf]11000000000000 


DIOU TT bruste plugin NINI 
LİLİLİLİLİLİLİLİ İLİ. 


register syntax extension[|10000000000000 


register custom derive I I I 

register syntax extension||[|[ | JII LIU III IU) 

- register macro [j[j[][|r'egister syntax extensitonliLiLLiu 
000B8ang00 

- register attribute[]0000000000 

0000 Lllinti Tililivmi Ti 

HOUUUUOUUUUUUUUUUUU cargo new 000000 lib 00004 
plugin demof(OOtests/test.rs000000000000000012-69000 

000012-69[[plugin_demo|[ HOL 


—— Cargo.toml 
—— sre 
| lt lib.rs 
L— tests 

L— test.rs 


[|Cargo.toml[][ pl rp Tugin 000000001 2-7 0000 
ULULU12-701HCargo.tomli ||] ]lib[]||[]plugin([]|] 
[lib] 


plugin = true 


OOtests/test.rs1]1000000000000012-71000 
000012-7 1 | tests/test.rs 1000000 


1 t! [feature (plugin) ] 

2 t! [plugin (plugin demo) ] 

3. [test] 

4 rn test plugin() 4 

s assert egi (roman to digit! (MMXVI11), 2019); 
6 ) 


000012-71000000Eeaturef]pluginf]] 100001000000000 
Nightly([00Rust0000 


O00200000lplugint|plugin, demo) 0plugin demo ii 
[III II 


0004000000000000000roman_to_digit] 0000000 


MMXVHIOOODOUDOO2015000000000000 


OO0src/lib.rs(10000000000000012-72000 
0010012-720Osrc/lib.rs0000000000 
1. #![feature (plugin registrar, rustc private)] 


extern Crate syntax; 

extern crate ruste; 

extern crate ruste plugin; 

use self::syntax::parse::token; 

use self::syntax::tokenstream::TokenTree; 

use self::syntax::ext::base::{ExtCtxt, MacResult,  DummyResult, 
MacEager) , 

use self::syntax::ext::build::AstBuilder; 


use self: :syntax::ext::quote::rt::Span; 


« use self:sruste plugins: Registry; 


. Static ROMAN NUMERALS: &'static [(&'static str, usize)] = gl 
("M",. 1000), DEM, 2004; HD, 007, FT 400); 
we 100), VZ". 20), (Se, 20), 120", 20), 
(0, dul, PURA HI, CU BY, 114 x Dİ, 
mi 1) 


E 


0000 12-72 DO 1 (0000 [feature [| plugin registrar |] 


rustc private] 00000) plugin registrar Lİ rustc private OD ODO 
00000000000000000 Nightly(100000000 


000201000000000000SyntaxJ00000Rust0o0Ollibsyntax[][ 


[]rustc plugin [Rust OOlibrustc plugin[][] 


10011016000000ODO0UROMAN NUMERALSII[ II JLI LI ILILILIUI[! 


LİLİLİLİL İLİLİL İLİ İLİLİLİ İTİL İLİİLİ 


010000000000000000000000000000012-75001 
000012-7301000src/lib.rs[ (expand romani |] 


fn expand roman(cx: &mut ExtCtxt, sp: Span, args: &[TokenTree]) 
-> Box<MacResult + 'static> 


let text 


Ji 


TokenTree::Token( , token::Ident(s, 


CX 


= match args[0] { 
3) => SES BET, 


‚span err(sp, "argument should be a single identifier"); 


return DummyResult::any(sp); 


let mut text = &*text; 
let mut total = 0; 
while !text.is empty() { 


233 
24. 
20: 
20. 
243 
208 


match ROMAN NUMERALS 


.iter().find(|&&(rn, )| text.starts with(rn)) 


Some (& (rn, val)) => í 


| 


total += val; 
text = &text[rn.len()..]; 


None => { 


) 


cx.span err(sp, "invalid Roman numeral"); 


return DummyResult::any(sp); 


MacEager::expr(cx.expr usize(sp, total) ) 


) 


000012-7300000expand romani İT jd in ib] uoi 
“cx LİLİLİLİTİLİLİLİTİLTİLExtCtxt 0000000 

: Span 0000000000000 
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: read/write[][] 

: replace/svvapliU 

LİLİLİLİLİLİLİL İİ İLİ İL İL İTLİ İLİ İT TİLLİ İTLİ İL İLİLİLİİLİL LİLİT) 
LİLLİ 

01000000000000000000000153-11000 
0010013-11000000000000000 


1 fn main() { 

2 let ps "const US. = Sta: PER HU LET) 
Ou assert!(p.is null()); 

4. let s: &str - "hello"; 

5 let ptr: “const ug = 8.33 ptr(); 

6 assert (pEr -is mitt 

7 let mut s = [1, 2, 3]; 

8 let pür? "mut u3Z = S.a5B mut per (jj 
CR assert! KEE Ae nullo); 

10. j 


000013-110000020S0000std (Tote (UI Tnoll UI 
[lis null IILI I IL 


00040600004str0u000Oslas. peri in ibd İLİLİLİLİLİLİLİLİLİLİLİLİLİ 
01000000000000000000s000ptr0000*const us II LI II IILI! 
LİLİLİLİLİLİİ? 


100709000000slas müt ptrliİTliLlili”mut u32 00000000 
LİLİLİLİLİLİLİ İİ İİLİL LİLLİ İLİ İLİLİLİLİTİLİ? 


III uns atel 

HLoffseti ||] 

TTT ottset 100000 000000000000000000000000000000 
LLELLULLULLLİİİ13-12Tİ11 

LILILILI13-121TTloffsetlll 


fn main() ( 
let s: &str = "Rust"; 
let ptr: *const u8 = s.as ptr(); 
unsafe { 


prineln (een. “Ber. OLrsec (1) as chariy 7/7 Y 
ptinila! ("tis p" ASE oOffsetia) ás char): // € 
prirtlnl CUTS U, *5brr.offset(255) as char): 7/7 y 


O 0 € O) OT A QU N P 


000013-120000020200000*const us [11 BB EHE er ETETETETE] 
LILILISLILILILILILILLLLoffsetl VIISCHT 

000 408 0000 offset HOO unsafe (000000 unsafe (1000000 
“Eptr.offsetl 1111 as char "JL *[]ptr.offset|]1|]] as char "TI 
0000000000000000000000000000 TTT aset OT TiLİELoffsetTililili 
010000000000000000000000000>06000000 Outi 

00 offset (000000000000000000000000000000000000000 
0000000000Gunsate[]00000070000000000000000000 

LLiread/vvritel | | 

read write D DD DD B B p ap pp pp unsateji 
0000001 3-1 Spppread TI 

000013-13000read/write! ||| 


d Ln main | 

2 let x = "hello" ,to string); 

3 let y: "const us = X.as peru: 

4 unsafe | 

S assert. eq) (y.read() às char, ”ü)? 
6 ) 

7 let x = LÜ, 1, 2, 3]; 

8 Let y = 2[0..].as ptr() as “const 10327 4]; 
Si unsafe { 

10, assert. eq! (y.read(), LlÜ,L,Z,əl 07 
Lis ) 

12: let x = vecilüÜ, 1, 2, 31; 

13. let y = &x as *const Vec<132>; 

14. unsafe { 

15; assert sql (y.resd(), 10,1,2,Əlİ/ 
16. ) 

bələ LSC DIE E = ww 

L8. let y = &mut x as *mut &str; 

19 let z = "hello"; 

ZU. ungare 1 

la y.vrite(z), 

dë y assent. eq y.rocdil, "hello"); 
Z3. } 

Bak d 


000013-1340020000Sstringll0000x0000s0000OxIlas, ptr OL 
1000000000000 EIE S eem g DIETE IILI ILILILILIL IILI DC EC Const 
u 8 TILILILILILILILIILIII41T6LilTlunsafeTll LİLİLLİyLireadi HOHO 
LİLİLİLİL İLİLİL İİİ İLİ İLİ İLİLİLİL İL İLİ İLİİLİ 

Llllireadlilillunsafel İİ İHTİLLLreadlilİİİTİLİLİLİLİLİLİLİLİLİLLİLLLİLİLLİ 
LİLİLİLİL ODO DO DO İL İLİ İLİ DO İTİLİL İLİ İLİLİLİLİYİLİLİ 

0007011 0000000000x000000as ptrobdo000*const 
[u32[)4] [THEY KT hot read TTT TTT 
0000000000000*const [u3 21131 UTI read TTT 


Lr 2016 ppp mE Des. per HUUU 
Haaa ash OOOH read OOOH 
LİLİLİLİLİTİLİTLİLİLİ 


LILİLİİİ11as pir Jl İLİLİLİLİL İİİ İLİTİTİTİLİLİ as: ptr o II IILI II 
LİLİLİLİL İLİLİL İLİ İLİ İİİ İİ İLİ TLİ İLİLİT İL DO LL LL 


00O0read[]010000170230000write]00000write00000000000 
000000000writell000lunsatell0 


OO0replace/swapL il 
OOreplacef]swap[]0000000000000000000000013-14000 
000013-14[0replace/swapl ] 


fn main() { 

let mut ve Veo<i32> = vec!|l, 2]; 

let v ptr s “mut 1322 = Yeas mut ptr): 

unsafe 
let old Y = y BER. Replace (9) ; 
assert eq! (1, old v); 
assert evi (152, 21, &vlis1J57 

} 


CO sJ] aq YI ye (o Pei E 


9. let mut v: Vec<i32> = vec![1, 2]; 

LY , let v ptr = émut v as “mut. Ves<ı32>; 

Lily unsafe{ 

LS: let. ölü y € y ptr.replace (ec! Lor ts dl) 7 

L3. Gsserr eql UEL, 21, geld wv[..]1)3 

14. assert eq! ((3, 4, S], &v[.«])7 

18; } 

Les Let mut array = (0; 1, 2, 31} 

La let & = arrayl0..1.a5 müt PEE() as “Mur [usas 2]2 
Lö. let y = array[l..].as mut per() as *mut [u32; 2]; 
19, unsafe { 

20. assert eq! ((0, lly x.rfead()); 

is assert eq (il; Zl, V.£Eoadi))? 

Be . x.swap(y); 

23% assert eqi(ll, Us l, S], array); 

24. ) 

458. ] 


0000153-1400020s000as mut pter pav abad D UOTE 
LİLİTİLTİLİLİLİLİİLİLİLİLİLİLİİLİLLATsLILLlunsafeflliliLireplace [ TEEIV UIDI] 
00000050000000000000old vE 000000vd000(502 İL 

11901 SHOLO OC EIE DOC VOIE DUCIT DIEI D unu nn ununu 
TO Eunsate[T)Unrepltacen did Vecrmis 2TİLLLLELİLLELLLİ 
RRE 


100160240000swap TTT 
LİLİLİLİLİLİLİLİL LİL? 


000160180000000000arrayil0Odas mut ptrl| DIII x] 
v00000*mut [u32[]21 (] 

00019024000read[]00000x0y00000001001101102100000x0] 
swap[]00y10000000000[10001031000000013-1000 


Ki nu (0, 1, 2, 3] 


temp - X 


Foi = Wi 1, 2, 2, 3| 


| 


cani 1,0, 1, 3) 





L113-11lsvvaplixİİyLiLiLiLL 

00 13-1 (0000swap 0000000000000000000000000000000 
0000000000000000000000000000000 000swapl]Junsate[O 

[std[]]memf10000000000swap 000000000fn swapL_TL 
x] kmut TTyliSmut TO 10000000000000000000000000000 
000000000000000000000000000000000000 Ostdf]0mem(]0000 
OOO replace IT 

LİLİLİTİTTİTİTİTİTİTTİ 

0000000000000Unsate RustQQOQU0U0U0U0VecOTOQOUUUL 
insert[]000000 Safe Rust[]0Oinsert[]0000000000000000000A 
&mut Vec[]T100000000000Sate Rustf]0000000000000000000 
(1000000000000000000000 0 

000013-151000Vec[!TOinsert]00000 

HEITIE]12 3-1 5[]Vec[T]T]| ] insert; İHLLLL 


1. pub fn insert(&mut self, index: usize, element: T) { 
2 let len = self.len(); 

3 assert! (index <= len), 

4 if len == self.buf.cap() { 

də self.reserve(1); 

6 ) 

7 unsafe { 

8 { 

2. let, p = selr.as müt ELLİ) ofrrsetiindaz as 18128) | 
LU. ptr: :copy(p, p.offset(l), len = index); 
Ll: ptr::write(p, element); 

12, ) 

13. seli. see Jentlen F dji 


14. ) 
15. ) 
[IJJ 13-15 HGinsertUHUL9UULNHHHH &mut self[] index [] 
element) (NN Vec| TT rn n i m m m pp IILI I III 
001020300000000index(1000000000len000000000000°00°0 
LİLİLİLİLİLİTİTİLİİ 
00040600000000000000000000000000000 reserve HO 
000O0reservel]00100000000000000000 
000070000Gunsatel] 000000 
00080120000000000000000000000000000000000009000 
as mut ptr[]0000000000000000000Oottset[OO0index[]0000000 
00000p000010000ptr0Ocopyll00000000000000000000000000 
DODO 0d 0000000001 1000ptrO O write 0000000000 
0001 AUT insert 000000 
0000G0insert 0000000 unsafe (00000000000000000000 
index! 1111100 00000000000000000000000000 0000000000000 
insert[101000000000000000000000000000000unsate(0O 


13.2.2 100000 


000 Usubtype YODO ODO d0 do p p a On OLEO CL EI 
supertypel İLİ III III IILI III III II İLİLİLİLİ İİ İLİLİT İL LL 
LİLİLİLLAT TİB TİTİLİLATİBETİ İLL 


000000000000000000000 [subtype polymorphisml 00000 
LİLİLİLİL İİ İLİLİL TİL İLİLİLİİ İT İİİ İLİLİL İTİ İTİ İLİL İT İLİL LİLİT İLİLİLİLİLİL İL İLİ İLİLİT İLİ İTİLİLİLİ 
000000000000Ringil0Circle (1000000000000000000 HLiskov 
Substitution Principle[]L5P0000000000000000000000000000 
LİLİTİLİLİLİLİİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ HIT 
LİLİLİLİL İLİLİL İL İİ İLİ İLİ ODO İL İLİ İLİ LL LL iL 


LİLİLİLİLİLİ? 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİL İLİLİLİL İT İLİLİ İLİ İL İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİTİL. 
LİLİLİLİL İF İLİLİL İİİ İLİLİLİİ Tİ İLİLİLİLİL İTİL İİTİLİL İT İLİ İLİLİT İL İLİ LİLİT İL İLİLİLİLİL İLİ İTİLİLİLİ 
000000 Ovariancel]000000 Cat Animal! (UI Cath p pL 
Animall|[i[i LIU LI II IListI Cat bist JAnimalf]00000000 
LİLİLİLİL İLİLİL III! 


LİLİLİLİLİLİLİLİİİLİLİİL. 


- UL Ocovariant LLULLLULULLULULUCatlAnimalf WITT ie! 
CatlIHListTAnimalTTını 


- D0 LMecontravariantl İLULULULUMCatHAnimal N0ODO0Oo List] 
Animal | List Can 


° 00 Hinvariantf IIILITILITILILILILIILIILIILIILIILNILCatllAnimalfii 
DOO List Animal List Cat00000000 


Rust 1101000000000000 0000000000°0longilOshort “(LU 
000000000long Nishort (1100000000000000long 0000000 
short (110000000000000000000000000 [static str []&[]a 
sirli. 


0000000000000000000000000000000000 Unsatel]000000 
LİLİLİLİL İLİLİL İİ İİİ TLİLİLİ İİ İLİLİLİL. 


LİLİLİLİİL İLİLİLİLİLİLİLİL İLİTİLİ 
00001 3-1 600000000000000 
00001 3-160000000000MyCelH(11!] 


struct MyOeli€T? 1 
value: T, 
) 
impl<T: Copy> MyCell<T> { 
fn new(x: T) -> MyCell<T> { 
MyCell { value: x } 
) 
fn get(&self) -> T | 
self.value 
} 
fn set (&self, value: T) í 
use std: fotr; 
unsafe { 
ptr: write (éself.value as “const as “mut , value); 
) 
| 


, 


000013-1600105000000000MyCellrr0000000O0valuef] 
000401700MyCellf't0O0lOlnewt]getf]setl0000000newtlget 


LİLİLİLİLİLİLİLİİ İİ iLisetl VT 


0001101600set000000unsatel]000ptrl0write0000000000 


0000000ptr l0write]0000000frselt.valuel]010000000000000000 
LİLİLİLİTLİLİLİLİLİİİRusü LULU Lu Lulu L 


© Jy O) Gi A EN P 


MyCell[]TUI LI LIILILI IILI odon 13-17000 
LODIEIT3 -3 7D HOM y Cell ETT TET 


fn stepl<"*a>(r ol: «MyCell<é"a 1327) 1 
let val: 132 € 13; 
step2(&val, r cl); 
Pantin ("Seep Values II". Y öl.vealmej); 
) 
In stepz< bit val: CD 132, r G2: &MyCell<&'b 1325) 4 
i c2,sebtir val)? 


) 


9. static X: 132 € 10; 

10. fn main() ( 

11% let cell = MyCell::new(&X); 

İz. stepl (cell); 

154 println!(" end value: {}", cell.value), 
14. ) 


000013-1700105000000step100000000r. ci 0D & Mu ell 
Da 132000000000 va! WITT ësvall EIU stp e 2000 


000608000O0step20000000000000b i321&MyCelll]&lla 
13200000 


LİLİLTƏLİLİLİLİLİLİLİLİLİİXTİ 


Llmainl 0000001 10000000000&xQUUMyCellfUcellQQ001 27 
[]&cell[][]step1 []LHELELLLLcell.value[]LL] 


0000 13-17 [JLILILILIILILILILILILIILILILILILILILILILILI BOLD SUE 
step10000Ostep2000000000val0000004valll0H0Ostep200000 
set ]00008vall00000000000000000004val00000000000step2 
00000000 0step1000000O0step1000000000000000000000val0l 
0000004val0000000000000cell.valuell0000000000 


DER İLİ İLİLİLİLİLİİLİLİİİLİLİ 


000000000MyCellT00000000 HR us tJ TI 0000000 
0000000000000000013-17000000X 0008X 0000000static 00 
[main [00 0step1008MvyCell[ ¡| static 13211 (000step100 
000000 & My Cell[])&[]a 1320 (00000MyCellf TO0000 static 
132 []&[]a 132 (00000018 MvyCell[ A [static 132[] || GMyCell|| 
&[]a i320 TİHHELULUREULUESMYyc elli Al static i320 (000 
&MyCell|]|&|]a 1321111 

0000Rust00000000°00000000 “OU step 1 ETE] 
00000 4val10000000000a 00000000000static (00000000000 
LİLİ 


LİLİLİLİİ DEDO DO DO ODO OOOO ODO O İLİ İLİLİLİLİLİLİLİLİL. 
000 COCA y Ce limao I uu L 


ULPhantomDataflTIl J 


UNUNUNUNUPhantomData|İT|| (0000000000000 0000°000 
LI *00000000000000000000000000000PhantomDataf[T0100000 
OOOOOO L 


“DU 000000000000000000 
: LILILILILILI Adroph III 
- DO trait NOU Send[]Sync[] 


UNUUUPhantomData|TONNNULULULULUUUN 3-1 7000000000 
113-1800] 
ULLU13-1814uUuPhantomDatal fTTHUUMYyC elli ] TT || ][ ][ | 


d use std::marker::PhantomData; 

2 struct MyCell<T> ( 

3 value: T, 

4 mark: PhantomData<ín(T)> , 

e. J 

6 impl<T: Copy> MyCell<T> { 

7 fn nev(x: 1) -> MyCell<T> { 

8. MyCell ( value: x , mark: PhantomData) 
SS, 

LY a fn get(&self) -> T Í 

ls self.value 

l£. ) 

13. fn set (&self, value: T) { 

14. use std; ptr 

15; unsafe { 

16. ptr::vrite(sself.value as “const. as *mut , value); 
la ) 

18, } 

19. j 


0000 13-18 000 MyCellifiTİTEHLURELEULRELLEUREULLEURU 
PhantomDatal ifni fTTILI HmarkTiULPhantomDatallinHiTULULLL 


IILI fol IU 00000Rust 0 0000000Rust00000000000 0 


ULHMyCelli İTTTİLİLİLLİLİEİLİLİLİ1 5-1 OUT 

error[E0597]: “val does not live long enough 

=> no main.re: 

| stepZ(&val, r cl); 

| ^^^ borrowed value does not live long enough 
| prantin! ("stepi value: 471”, r Gl.value); 

i borrowed value only lives until here 
LiLİİİTİTRusti UU 
WUE 

ULULNURust 4000000000 

Sa T0Oallt00000000*const HII 

Sa mut T [j ja (00000007 00000 
Fo OT 0000000 [IILI 
' Box] T0 [JT Vect TO LI ILILIILILI IILI IILI IILI III III 


- UnsafeCellQTQ0Cell0TO0RefCellQTOOMutexQTOO000000 
000007000000000*mut TOON 


HII &muté&[|static str [Smuté ja str (0000000000000 
LILILILILILILILILILILILILILILILILILILILILILILILILILILILILILILILI 13-16 UU 
UnsafeCell|[T[] (00000000000000*mut TY 0000 0 


 uuuuggpmgmumgpguuuuadggmumummuuutdtatatatauutuuLumt 
Phantomdata[]1T] TUTE 


- PhantomDatalfTIUTULULLU 

- PhantomData[J&[Ja T0000a 0100000 

- PhantomData[]&[]a mut TH0O0Jad 00000 00000 

- PhantomData[]*const THEUUTLULLULLU 

- PhantomDatalT"mut TTIELTELILILILILI 

: Phantom Data na [T0000 TOO 
- PhantomData]]fn] | -LTELIEITTELTETEDETE] 

- PhantomDatallinIiTTTHHTULUTLUULLU 


- PhantomData|JCell[]&[]a 0000000a00000 
Rus! ITT 000 00000000153-19000 
UULL13-1911fni fT | [II] 


le traıt A f 
2 fn foo(&self, sx & static str); 
3 } 

4. struct Bj 

oO.  impl A for B í 

6 fn tooläselt, s: €str) { 

1 printlni("i:2)",. 502 

Bu ) 

9. ) 


10. impl Bt 

Lia fn foo2(&self, s: &'static str) { 
12: GLEIC! EEGI", sie 

13. ) 

14. ) 

15. tn Maint) 4 

16. B.foo("hello"), 

Ld // let 8 = "hallo".to String (y; 
18. // B.foo2 (&s) 

1S9. J 


000013-190001090000trait AflilitraitfilifooTİHLLLLULLLUSİLİ 
static str) İLİLİLLİL 

0004090000000BOOOOOOA000000fco10000000000000 «str 
TU 

0001001400000B000000000O0foo2[000008static str[]p] 
LİLİ 

00001501 90 main TOUR Tool TUE 
0000000000000000000 static str(1000001701800000000000 
OOL 


LİLİTİİTİLİTİİLİTİ LI 


- m0T000Otrait1000000 DOU [static str (Aja strO j i jm 
[]&[]a str0000000 A (A static str O 00000000 İnHSıLa str000in 
[static sir HUUU 


 0000000000000 000000 ST static str11000000 str J0U0O00U 
O000000000000004str0l00000004Istatic str JOD BIETET] 


00001 3-200000000000 
000001 3-200000fa TOO 


1 fn footinput: &str) | 

2 Princ (ee pw) 

3 } 

4 in Dacit: Inte" static Beri; Vi & Static SLE) í 
2. (f) (v); 

6 ) 

Y fn main() { 

8 let v : &'static str = "hello", 

9. bar(foo, v); 


lUe 1 


000013-20000bar00000000 En 8static strli 0000main 
0000000 9 000000 foo 000 bar 0(000000000000000 foo [ret 
N&str]] 10000 M Šstr TT ul [A static stri] (0700000 


LİLİLİLİLTİRustiİTİTİTİİLİ.İ 


000000000Unsatel00000000000000000000000000000000 
LİLİLİLİLİLİLİLİLİİİ 1) 


13.2.3 0000000 


Unsatel]01000000000000 0Unbound Litetime[ll llli 
LİLİLİLİLİLİLİLİ İİLİİLİLİLİ A 


` OOOOOUOOOOOOOOOS "raw ptr [| 


00 std[][] mem([|[jtransmute NUNUNUUUUUUUUUUU 
transmutellLL STS ULLTooLLu 


10001 3-210000000000000000 


000013-21 0000000000 


Ly En foot atinputs; “Gonen 132) — t'a U32 4 


2 unsafe { 

3 return &*input 
4. ) 

Ds ) 

6 fn main() { 

7 let x, 

8 { 

9 let y = 42 

10 x = foo (&y) 
ils ) 

ız. Pe tir DL” 407”, 213 


Low J 


000013-21000000foo[]000input0000*const u32 (00000 
0000000000000000000000 &*input * 0008 input] °C 

([main[1010000080110000000000000000foo000008yU00000 
12000x000000Sate Rustf]00000foo[100000000000000y000000 
000000000y0000000000x00000000 Rust DODO OOOO 00000000 
00000000000000000000 fee rr 000000000 OOÖOOOO 
Rust I L 

LDebugLiULİULLULİLULLLİLL”hellol1142”7ULELReleaseT İTHLLLİ 
0000000000000000 “hello” 11151157120*09000000000 

00001 5-22 0000000000000000000 

0001 3-22 transmute [101000 


use std::mem::transmute, 
fn main() { 
let x: &132; 
{ 
let a = 12; 
let ptr = &a as *const 132; 
x = unsafe { transmute::<*const 132, &132>(ptr) }; 
) 
Print ln) ("hello Fr”, 202 


RK MO 0 — O) oo BEN HL 


Du Gİ 
00001 35-220 0000 sta ]mem[ fTltransmutelİTLHULLLULLULLULLU 
DOTOODO U DL DD Lu nsa fe HILA 
[main TTTTLTLİİİptrTİLİEransmutel JEETL]&i3 ZLİLLİLLLLULLLL 
00000000000000x0000000000000013-210000Releasel]000000 
00000000000“hello[]-697728128”[ 
1000000000000000000000000000000000000000 


13.2.4 Dropjlli 


Dropf]OOdropckf]0000000000000000000000000000000000 
LİLİ 

100000000000000000000000000000000000000000000000 
1000000000000000000000000000000000000000000000000 00 
100000000000000000000000000000000000000 

[Safe Rust! Tidropcki 10000 

[Safe Rustf]010000000Rust00000000000013-23000 


000013-2300000000Odropck 
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use std:ifmb; 

# [derive (Copy, Clone, Debug) ] 
enum State { InValid, Valid } 
# [derive (Debug) ] 


struct Hello€T: fmt::iDebüg-»(&'statio str, T, 


impl«T: fmt::Debug» Hello<T> ( 


fn new(name: &'static str, 


Li 


T) 


Hello(name, t, State::Valid) 


) 


-> Self ( 


impl<T: fmt::Debug> Drop for Hello<T> ( 


fn drop(&mut self) { 
printin! ("drop Hello(fi, 
self.0, 
self.l, 
self.2), 


self.2 = State::InValid; 


) 
struct WrapBox<T> { 
We BOXCI-, 
} 
impl<T> WrapBox<T> { 
fn new(t: T) — Self 1 
WrapBox { v: Box::nev(t) 


} 

fn. 21 1 
// let x; let y; 
let: (x, yj? 


x = Hello::nev("x", 13), 

y = WrapBox: :new(Hello::new("y", 
) 
fn main() 1 

TL: 


1521, 


1521)", 


SEAN 


State) 


00001 3-230020300000000State DJETTETETUIDIEIEIE OI DIETE CILE 


000401 900000000000 Hello 000000newf0000000000 
HOOD Hello ANAO OOOH 


000 20027 OO0000000 VVrapBoxiTTTİ 000 Box(TUNNUUUL 
VVrapBox11111LLiLinevvliLl 


0002803534000000t1000350000000000000000000000000000 
LI Uy 0000000000000S2000WrapBoxl]T0000000x0000 


EEDEIEIBCIDEIDIEEI nun 3-240010000 
000013-2400000113-23000000000 


error[E0597]: x does not live long enough 

— sro/maln, rs; 

| y = WrapBox::new(Hello::new("y", &x)); 

| “ borrowed value does not live 
long enough 

m 

| - x dropped here while still borroveds 


= note: values in a scope are dropped in the opposite order they are created 


00001 s-24 0 000x0000000000000000000000x0y 000000000 
00x00y0000084x0000000000Sate Rust pr 
LİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİxLiy IILI 3-2 3002 9TİLİLİLİLİLİL 
LİLİLİLİLİLİİİL İLİ İxTİYLİLİLİLİLİLİİ İLİ İLİ UU TIMO 
QOD00000000013-25000 
Q00015-25000001 3-2 300000000000 
drop Hello(y, Hello("x", 13, Valid), Valid) 
drop Hello(x, 13, Valid) 


000011 3-250000000000y0000000000x00000000000000000 
LIL Valid |[ mpm D E E 000000000 

[Safe Rust[][] WrapBox[]T[][]LH EL] Box [T000 Rust III 
Wrapbox[]HTEIBoxt] T O00000 AN Wrap Bozi HIO Dro p TL] 
100000000Rust 00 WrapBox[]1000000000000010000000 

(max dangle][ || Jdropck 


0000000000000015-25000000000000000MyBoxl)I] 0000 
0000000000Box(1000000000000000000000Nightly RustQo00 
I eaturefjallocator api] 000000001 3-26000 


00001 3-26 00000000000 


1. +! [feature (allocator api) | 

2. use std::alloc::{GlobalAlloc, System, Layout}; 
Šu Use stdsšsiptr; 

4. use std::mem; 

5. // HALB State, Hello, impl Hello FAN 

6. struct MyBox<T> { 

fs v? Semer T. 

8. ) 

9.  impl«T» MyBox<T> Í 

10. fn new(t: T) — Self ( 

Lis unsafe ( 

12. let p = System.alloc(Layout::array::«T»(1).unwrap()); 
L5, let p = p as *mut T; 

14. ptr::write(p, t); 

15% MyBox { v: p } 


= 
ON 
— 


deg a ) 


ide | 

19, Impl<T> Drop for MyBox<T> | 

E. fn drop(&mut self) { 

21. unsafe { 

GP Lee p = self, v as “mut J; 

23 4 System.dealloc (p, 

24. Layout: :array::<T>(mem::align of::«T»()).unwrap()); 
25. ) 

2b. ) 

21. } 

28. Ln T20) | 

29. { 

au, lob. (SL, by; 

öl, xl = Hello::new("x1", 13); 

2: yl = MyBox::nev(Hello::nev("y1", &x1)); 
GE s | 

34. { 

SO a let (x2, Va); 

29: x2 = Hello::nev("x2", 13), 

21. y2 = MyBox::nev(Hello::nev("y2", &x2)); 
38. } 

5 | 

40. fn main() ( 

41. Pe Ahi 

42. are 

43. |) 


00001 3-2 6Q0000000000001 3-23000State[ [Hello [L| Hello 
OOnewt]drop[]000000000000000 

00010200000Lteaturef]Jallocator apil1İHULLLULUstdiLallocli 
000GlobalAlloc[] Systemf]Layout[]00000000000000O00O00 
feature[]] Rust Nightly(100000000000000000000 


LLL LIAC LIstd[ ptr Lstdillimem (110000000000 


00060S00000O0000MyBox[!L0OHUOvi*const TUNUNUNLU 


000901800 MyBoxİTili GUO new O DUU new DULL 
System.alloc [|J] ||N£n Layout] | jarrayt 10170010 007 00 
IDDIEN vol! IU III 


0001902700MyBox[IT000Drop [TIOdroprtintütiptrütireadrt] 
00v00000 TO0000 System.dealloc (00 T DOD000000 
Layout|] jarray( | T Umem|]lalign_of 00170000 0001 0000 
LİLİLİLİLİLİLİLİ İİLTİLİ 


0002803900002 NULL main İLİTİLİLİİ ZTİLİLİLİLİLİ 0000000 
00001 3-260000000001 5-2 7000000 
000013-27000001 3-26 000000 


error[E0597]: xI does not live long enough 

“<2 SYo/main,rs: 

| yl = MyBox::nev(Hello::nev("yl", &xl)); 

| ^^ borrowed value does not live 
long enough 

| | 

| - xl dropped here while still borrowed 

- note: values in a scope are dropped in the opposite order they are created 
error[E0597]: x2 does not live long enough 

->> sromain,rs 

| y2 = MyBox::nev(Hello::nev("y2", &x2)); 

| ^^ borrowed value does not live long 
enough 

| | 

| - X2 dropped here while still borrowed 


= note: values in a scope are dropped in the opposite order they are created 


100013-27 00000000000000000000000000 LILILILIL IILI IL 
drop 00000 T OOOOOOOOOOODOODOOOODOOU 13-26 [MyBoxl]TII 
dropl]l1000000000000000000700000000000000000000000000 
00000000 may. danglel [I 


HOI may danglel (0000dropil000000013-25000 


LEE] 3-28 TE Ld rop LT] 


1. #![feature (allocator api, dropck eyepatch)] 

2. (EE I I 

3. unsafe impl<#[may dangle] T> Drop for MyBox<T> | 
4. fn drop (&mut self) | 

d unsafe { 

G. printin! (“mybox drop"): 

Ta ler p = self.v as "mur | 

8, System.dealloc (p, 

Bi. Layout: array! s<T> (mem: salign, oft :<T>()) ip) A 
LO, ) 

il, ) 

Lë: J 


UNUNU 13-28 0100000 0 [feature [] allocator api |] 
dropck eyepatch[ OOL 

000 3 000 “unsafe impl|][|[may dangle] T[] Drop for 
MyBox[T] *0000°00lmay dangle] TÜ "HO drop ITU 
007000000000000O0many dangle[]]may dangle pointer 0000 
III unsafe TETTE TE Em pd 

000000000000000000000000000000 oa d re p LE 
0000700000000000000015-290010 

000013-2900drop[]00f200 

1. // ERR E 

2. unsafe impl<#[may dangle] T> Drop for MyBox<T> { 


3 fn drop (&mut self) | 

4 unsafe { 

5 ptr::read(self.v); // KAME 

6. let, p selr.v es "mur j 

] System.dealloc (p, 

8 Layouts array: r<T> mem: salign ofy:<E>() | unwrap () ve 
9 


14. let (xl, yl); 
18. xl = Hello::nev("x1", 13); 
16, yl = MyBox::new(Hello::new("yl", &x1)); 


19. let (y2, x2); // HAAR 
ZU» x2 = Hello: :new("x2", 13); 
Aly y2 = MyBox::nev(Hello::nev("y2", &x2)); 


e. J 


00001 3-29090000000000090001 900 
LİL15LLİLİptrtİLireadİLİİTTTİELLEİLLELLMyBoxiTiTiidroplil 
HOUOL 


10019000000x210y2000000000000000000000000000013- 
30000 


00001 3-3000000 


drop Hellofyl, Hello("xl", 15, Valid), Valid) 
drop Hello(xl, 13, Valid) 

drop Hello(x2, 13, Valid) 

drop Hello(yZ2; Hello("xZ", 13, invalıd), Valid) 


00000153-50000000x10y100000000000*20y2400000000000 
0000Hello(00000Im Valid [1700000000000000000000000000T 
OOL 

DOD0000 Rust Odb000000000000RustQ 000040 dropd 000 

uUPhantomDatalfTTHLLULLMLULMdroplilL 

EEMyBoxlTTTİLLİLİLİLTİLİTİLİ İTİTİİLİTİTİTİİLTİLİTİTTTRustl 000000 
MyBoxlİTTTİTETTHEEEUEUELELEdropLHREULREULDULETELERELULLE 
MyBox[|T00000MyBox[]T0O0drop(]00007000000000000700000 
00000000000PhantomData[)T(0000000000000000000000000 


0000015-290000000000MyBox2[IT000000000013-510000 
00013-310D00MyBox20T0 


1. // KERA E 

2 use std::marker::PhantomData, 

3 struct MyBox2<T> | 

4 vo “"eonst T, 

Së pd: PhantomData<T>, 

6 } 

7 impl<T> MyBox2<T> { 

8 fn new(t: T) -> Self { 

9. unsafe( 

LO. let p = Systen.alloc (Layout: sarrays:<T>(1l) .ünwrap()); 
bb, let p = p as *mut T; 

12. ptr::write(p, t); 

Se E MYBOKA 4 vi p, pa: Default: <deftaultí) Jj 
14. ) 

15. } 

18. | 

17. unsafe impl<#[may dangle] T> Drop for MyBox2<T> { 
18. fn drop(&mut self) 1 

19. unsafe { 

BY. ptr::read(self.v); 

Els lat p selr.v as “müt ; 

224. System.dealloc (p, 

£5 a Layouts: array: <T> (men: zalign ofs:<T>()).unwrap()); 
24. } 

29 ) 

20. ] 

Zi ES fan İ 

28. // let (y, x), 

29. |f let (x, 9} 

30. let x; let y; 

d s x — Hellos:nev("x", I3); 

Dd a y = MyBox2::new(Hello::new("y", &x)); 

33. 1 

34. fn main() { 

35. r” EL 

36. ff ES 

She gës AA 


28 = | 


0000 13-31 00000 MyBox20 1000 MyBox[]T000000000000 
PhantomData T000 pa10000000000Rust00000000MyBox2[] 
TOOOT 0000000000 MyBox2IT0000000000000000 
[may dangle] (10000000T0000000MyBox2[]TO0 

0001702600MyBox2[]T0000Drop(000000lmay dangle][] 
HO 

000270330003 ma x0 yULULU 0000000000 
L drop 00 000000 28 000 29 HUDD drop) IT 
0000 

00000drop (1000000000000000000000000000000 

'Jlmay danglel [11100000unsafef]impi Drop TTT 
00000000000000000000 

: PhantomData[TIT] 0(00000000000000000000000000000 
00000drop[0000000000000000000000000 

000000000 

(Rust]000000000000000013-32000Vec[]TO00LinkedListf]T 
0000000 

100013-3200000Vec]TI]LinkedListJ TI] III 


pub struct Vee<T> 1 
buf: RawVec<T>, 
len: usize, 

) 

pub struct RawVec<T, A: Alloc = Global” { 
ptr: Unique<T>, 


Cap: usize, 


00 € O) UN Y EN HP 


a: A, 
- ) 
19. pub struct Unigue<T; fSizged> | 
ls pointer: NonZero<*const T>, 
12. marker: PhantomData<T>, 
l3. ] 
14. unsafe impl<#[may dangle] T» Drop for Vec<T> ( 
12. fn drop(&mut self) | 
LE, unsafe 1 
bis ptr: :drop in place (mut selil..1)/ 
18. } 
19. ) 
2Ü. d 
21. pub struct. Lbinkéedbist<T> 1 
22: head: Option<NonNull<Node<T>>>, 
23% tail: Option<NonNull<Node<T>>>, 
24. len: usize, 
25. marker: PhantomData<Box<Node<T>>>, 
ZO» | 
27. unsafe impl<#[may dangle] T> Drop for LinkedList<T> { 
28. fn drop(&mut self) { 
29. while let Some( ) = self.pop front node() {} 
30. } 
Sle J} 


LLİLU 13-3211MUVeclİTLHLMU RavvVeclİTHLULULTHMN Raw Vec[TTLL] 
Unique[TIT]HLLLTELIL]Unique[TIT]L]L]]] PhantomDaata| [TT] 000000 
0000drop000000000000000000 


VeclLiTELLULULULEUUEEULmay danglel CITT 
LİLLİLİLİLTİLİİLİTİTİİİ 

LLULinkedListl fTULLMLMMPhantomDatalfTUUUlmay danglelli 
LİİELVeci TLİ 

Llistdi İimemi forget 1000000 


Rust İT LİLİLİİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİF F IQCUOUL 
HUO Rust OU CHUO Rusi NOU CHOO 
Rust TTT ketd mem! (forget (11000000 


000001 3-33000 
00001 3-3300000000000000 


Ls SUTHCL A: 


2 Struct. Bs 

3 struct Foo 1 

4. a: A, 

Ih D us 

6 ) 

7 impl Foo { 

8 fn take(self) -> (A, B) { 


9. (self.a, self.b) 
LU ) 

11; :) 

IZ. Tn Marny; 


00001 3-39 DEED LIFe o TEE EB ETHIC UIDI DEIELATIB DEF e N00 
OOtakel]00000000Fool000000A0BO00000D 


00000 Ootakell000Fool]0000a0b000000000Rust00000000 
LİLİLİLİLİT İLİLİLİLİLİLLİİLİLİTİ Foo (00000 Drop (ITT 3 
34000 


100013-3400000Fool [Drop 


1. // ARRKERE 

2 impl Drop for Foo ( 

3 fn drop(&mut self) ( 
4 MAKE 

9 ) 


D. 3 

Dadp13-54[rrmPeon db rep pd EE ED D OU S-350000 
UL 

000013-350000013-3400000 
error[E0509]: cannot move out of type Foo , which implements the Drop trait 
== Bro; Main, ns: 
| (self.a, self.b) 
gg i cannot move out of here 
error [E0509] : cannot move out of type Foo , which implements the Drop trait 
=> Buc malin. me: 
| (self.a, self.b) 


"EN ouo cannot move out of here 


00001 3-3 5 DID BIDUO Rust TİETLİİLİFooLİL III III ILLIFool] 
DEED EID rop LIEF e oL JETETEICIET II IILI II IILI ILIII II II 


000000000000Fool]000000000Ostd[ memm] (forget (1000 
00001 3-5 6D] T 


LL113-361TİTFoollİltakeflTl 


1. use std::mem, 

2. // ARRA RE 

3.  impl Foo { 

4. fn take (mut self) -> (A, B) { 

De let a = mem: : replace ( 

E &mut self.a, unsafe í mem: :uninitializedí() ) 
Ze P3 

d let b = mem::replace( 

z. &mut self.b, unsafe { mem::uninitialized() } 
(uf ) š 

ls mem: : forget (self); 

12, (a, b) 


Le. ) 
14. ) 

00001 3-56(00Foo[]000take[]000000000000000000000000 
ILLUUUN3LUlimeml Huninitialized [|mem] | forget |] 

HuULmemliLluninitializedliLLHunsafelLlLLULMtakellMLLL.aLbuLUL96u9 
0000000°0000000 "TTT Rust (11000000 000000000000000a 
0600000000000000000 00000000FFI0CO00000 

men [forget ([100000Foo[]0“00*000Foo[]000000000 
0000000000L forget[]00Ounsate[]0000000000000000000 00 
Rus III 000000000000000000000 drop(000000000 E 

LİLLİLİTTİİTTİTİTİLİTTİİ 

[sta mem T TT İLİLİLİLİLLİLLLLManualiyDroplİLLLLLLLLİLİİLİ 
LİLİİLİTTİTİTİİTİL 

000001 S-37000 

000013-37(ManuallyDrop | TL] 


use std::mem::ManuallyDrop, 
struct Peach, 
struct Banana; 
struct Melon; 
struct EFrulbtBox 4 
peach: ManuallyDrop<Peach>, 
melon: Melon, 
banana: ManuallyDrop<Banana>, 
} 
0. impl Drop for FruitBox { 


— © CO =] Oy OT de Ew N ka 


LL, fn drop (&mut self) 1 
12; unsafe { 
l3, ManuallyDrop::drop(&mut self.peach); 
14. ManuallyDrop::drop(&mut self.banana); 
I5; ) 
19, } 
i a 2 
18. fn main() {} 


0000 13-37 00FruitBox NODO peach |] banana TİLLLLMLULUL 
ManualiyDroplTTTLLULLULULLLEULLULELManuallyDroplilldropiİLUi 
LLiLlpeachilbananafl VIII 

000ManuallyDrop[]000000000Rust0000000000000000000 
0000000000013-38000ManuallyDrop0OH 

ULLU13-3811ManualiyDroplİTİLLLLUİ 


#[allow(unions with drop fields) ] 
t [derive (Copy) | 
pub union ManuallyDrop<T>{ value: T } 
impl«T» ManuallyDrop<T> ( 
pub const fn new(value: T) -> ManuallyDrop<T> { 
ManuallyDrop { value: value } 
) 
pub unsafe fn drop(slot: &mut ManuallyDrop<T>) í 


pErt:drop in place(smut slor.valüs) 


— E O DX « O3 EI e & PO E 


0. ) 
Ta 4 
000013-38[00ManuallyDropl]T0000000ManuallyDrop[]T[] 
01000000 Rust 000000000 Dropll000000000000000 00000000 
LİLİLİLİLİLİLİİTİİİ U 
0000000 ManuallyDrop[ | Inew (000000 ManuallyDroplTIT| 
00000000 ManuallyDrop drop HOHO HA std OL 
memliliforgetl T0000000000ManuallyDrop[ In ew 0000000 
13-35911LL 
000013-39[]forget[)T1000000 
1. pub fn forget<T>(t: T) { 
2. ManuallyDrop::new(t); 
3. |) 


UUULU13-391HUstdillimemliforgetlTTTİHULLLULLLULULLLLLİLLU 
13.2.5 NonNulI (TOOD 


NonNull[T0O00000000000*mut T 00000000000000000 
[Jcovariantl |] Linon-zeroltiLi 

NonNull TTTHHMLMLMUnsafe Rust 000000 000*const T [|| 
*mut T (00 *const T (mut T KIKOA 
“const TU] «mut TT] 

O0 NonNull QO0000Unsafe (000000000000*const TOOL 
PhantomDatal1TTLILLULLULLULLUULLULLEULLLUL”const T HULK mut TT 


ON onNull I] 00000000000000000000000000*mut T 00000 
UPhantomDatalTTTULLULULLE DD Dd repr] | 
NonNull Ti 


00001 3-40] EIN on Nu HETTECTETIETLI 
HLLU13-4011NonNullTTTLNonZerol I l| ]|] 
pub struct NonNull«T: ?Sized> ( 

pointer: NonZero<*const T», 
) 
#[lang = "non zero") 


#[derive (Copy, Clone, Eg, PartialEq, Ord, PartialOrd, Debug, Hash)] 


O 1 da Gu m E 


pub struct NonZero<T: Zeroable>(pub(crate) T); 


(00013-40000 NonNull [TOO00000NonZerofl]*const TODO 
0O0*const TO0000000NonZerof[|*const TTİUUUUNon NulifTHHLL 
00 NonNull[ITH D BD HOD 13-32] D E] E] UnigueT00000000000 
NonNullflfTHLMUUU9UP hantomDatalTTUL(ULUULLUU NonNullfTQ TO 
LİLİLİLİLİLİTİİİ LI 


LİT1411611111NonZerolİTTi [II IILI IRust DID Deere DI idt 
000Zeroable [Tj DE EDBDD INulli D Nen Zerenn THO 
000 000 0000000Hang=[lnon zero] [IILI III II 000000000 

NonNullf10000000000000000000000000000000001 3-410 
UU 


000013-4 1NonNull[)T0000000 


1 use Std: potrt (ALI, NSANULI + 

2 fn main() { 

à let ptr : NonNull<i32> = NonNull::dangling(); 

4. preinrtisni("irpk". pres Jf Um 

De let müt v = 42; 

6 let ptr : Option<NonNull<i32>> = NonNull::new(&mut v); 
] 

8 


println!("(:?)", ptr); // Some(Ux/fff73406a78) 
println! ("{:?}", ptr.unwrap().as ptr()); // Üx7fff73406a78 
9. printinl("()", unsafe(ptr.unwrap().as mut()}); // 42 
lU. let mut v = 42; 
Lia let ptr = NonNull::from(&mut v); 
12. nrimplmi(9[:2". tr 47 Det rees Ae 
13. let MALL $ Wee 132 = MILLI) 4 
14. let ptr — NonNull::new(null p as *mut 132), 
15, printa ("Ti YU puri; // None 
16. J 


00001 3-41 Q03040000NonNull[[jdangling [CL 
NonNull(0000000000000000000000000000000VeclOnewf]O0O 
100U00000U000000000 000000 

00050700000NonNulI[ [new (0000000000000 Optionf] 
NonNulli TI J JDI] 

00080900000as ptrf]as mutNUUNNUNonNullNTUUUUULN 
*mut TI LS mut TORO OOOO las muti HUOO 
LİLİTİLİLİTİLİİİL 

0001001200000NonNulI[ [from [(0000000000NonNull[] 
10000 

0001301 SIII null TTİLLLELULLLELLNonNulifiiinevvliELLii 
[Nonell] 

LULU 

ULNonNuliTii 00000000000000 0000001 3-42000 

000013-4200000000 


1. use std::mem; 

Zo use stds: per: zNonNull; 

3y Struct Foo | 

4. a: *mut u64, 

2. b: *mut u64, 

B= | 

1. struct FooUsingNonNull { 

8. a: *mut u64, 

9. b: NonNull<*mut u64>, 

LH. ] 

11. fn main() { 

12; printlni('"*mut 164: {} bytes", mem: S126 of::«*mut 164>()); 
Lə. printin! ("NonNull<*mut u64>: 1) bytes", 

14. mem::size of::<NonNull<*mut u64>>()); 

15, println! ("Option<*mut u645: {} bytes", 

16. mem::size of::<Option<*mut u64>>()); 

i a println! ("Option<NonNull<*mut u64>>: í) bytes", 
18. mem::size of::<Option<NonNull<*mut u64>>>()); 
19, println! ("Option<Foo>: {} bytes", 

SH, ment: :size of::«Optlon«Foo»»()); 

24. println! ("Option<FooUsingNonNull>: {} bytes", 
22. mem::size of::<Option<FooUsingNonNull>>()); 
20: | 


00001 3-42 D ODDO CIEL IFPee T Foo UsingNon Nn prr b Ib 
LCD DID UDIN on N ul mut ue4 TT 


[Imain[|[ TTT mem! Vize of DD id 3-430000 
RRE 


00001 3-4 30000000000 


*mut u64: 8 bytes 

NonNull«*mut u645: 8 bytes 
Option<*mut u645: 16 bytes 
Option<NonNull<*mut u64>>: 8 bytes 
Option<Foo>: 24 bytes 
Option<FooUsingNonNull>: 16 bytes 


00000 13-43 ELMULLMU”mut u64 (000 NonNull[|*mut u641 |] 
JON onNull[*mut u64[]|]]Option[]NonNull[]*mut u64 0000000 
[Option] mut u64 0000000 *mut u641) 


O000Rust DODUNenNullr Ton Option TOO 
00000000 ELLNonNulliTTELLELLULLLLLLLMOptioniTTİLELLULLİ 
O00O0tag HUUU None İT İTİLİLİLİLİLİLİLİLİLİLLİİLİLLLİİLİL”mut TOOL 
LİLİLİLİLİLİLİLİLİLİLİİİLİİİLİOpüüionl ]*mut uona 
LİLİLİLİLİLİLİL İİ İİİ İLİLİLİ İLİ İLİLİİLİ 


00000000000000000FFI0C400°000°0000000 
13.2.6 Unsafel IL 


[]JUnsafe Rustl]0010000000000Rust000000000000000013- 
441111 


0000013-44[JUnsafe Rust 0000000000 


impl<T: Clone> Vec<T> ( 
fn push all (émut self, to push: &[T]) 1 
selr.reserve(luto pusn.leno)? 
unsafe { 
Selr.set len(selrf.len() + te push.lemi)); 
for (i, x) in to push.iter().enumerate() { 
self.ptr().offset(i as isize).write(x.clone()); 


| 
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0000153-44 []Vec[TTT]D EH DU Ipush allTHLLULMSLLULreservellliliL 
000000000000000  unsate[]00000000vwrite(000000000000000 
unsaftel] JL 


000000000000000000 clone (0000000000000000000000 
0000 clone[]0100000000000000000 00000push all”000000000 
000000000000000 clone (00000000000000000000000000000 
000 reserve (00000000000 set len']000000000000000000000 
1000000000000000000000000000000Rust000000000000000 
000000000000000000000000C++0Rust0000000000000000 

Rust (000 catch unwind (1710000000000000000000000 
00013-440000000000push all(000000000clonel]00000000000 
010000000000000000000000000000000000000000000Rust TE 
000000000push alliri catch unwind[] 


13.2.7 (0000 


000Unsate RustliULİLULLLULELLEURELEDLELRustlilistdiili 
allocl ILLLİLİLİLİLİLİLİLİLİLİLİTTAPITI 

Rust[]Rust 1.2800 000000jemalloc D0D0000000000 
jemalloc[]0000000000000000Rust 1.28 []jemalloc[]00000000 
000000000000000000000000000000 System TET E] 

Ostd[ | alloc000000GlobalaAlloc tra ti HHLMLULLULLU13-45HLUU 

000013-45[]GlobalAlloc traitl TILL 

. pub unsafe trait GlobalAlloc { 


unsafe fn alloc(&self, layout: Layout) -> *mut u8; 


1 
2 
Ju unsafe fn dealloc(&self, ptr: *mut u8, layout: Layout); 
4 // Eterm ik AE 
Du. 1 

0000013-450000 GlobalAlloc rl a a EU D] a Eee] 
dealloc [110100000000000 

000GlobalAllocf]11010000G0unsate[]00000000trait000000000 

OU Lİ 


* LİLİLİLİLİLİLİL İL İLİ İLİ OOO OHOO UO OA 

: LüLiLiLayouti İLİLİİİLLİİLLİİİ 

LİLTTİLİLİLİLİLİLİLİİLİİLİLİİtrait DOUT 3 -46 ETE 
00001 3-4600000000000 


1. use std: :alloc::(GlobalAlloc, System, Layout}; 

Zu Struct MyAllocator; 

3. unsafe impl GlobalAlloc for MyAllocator { 

4. unsafe fn alloc(&self, layout: Layout) -> *mut u8 | 

SP System.alloc(layout) 

Os ) 

Ts unsafe fn dealloc(&self, ptr: *mut u8, layout: Layout) | 
d System.dealloc (ptr, layout) 

9. ) 

10. J 


11. #[global allocator] 
12. static GLOBAL: MyAllocator = MyAllocator; 
13, CH mala) 1 


14, // test Vec WH AAAH GLOBAL £ P Zr B 2S A 2 BC 
LOs let mut v = Vec::new(); 

16. v.push(); 

bd d 


000013-460000000MvyAllocatorf 000000 GlobalAlloc trait; | 
000020100000000000000Svstem.alloc [|System.dealloc [][] 
(10000000 

HOO 11012 0000 Iglobal allocatorl (000000000 
GLOBAL III MyAllocatorf|100000000main000Vec[T000000 
0000000000000MyAllocatort]000 

000000000Iglobal allocator] (000000000jemalloc Til 
00013-47000 

000013-47000jemalHoc 1000000 


extern crate jemallocator; 

use jemallacator::Jemalloc; 
#[global allocator] 

Static GLOBAL: Jemalloc = Jemalloc; 


A fn main() 1) 


HO0013-479000000jemallocQQQO000U0UU0UU0URust 1.2800 
jemallocQQUU0UU0UU0UU0UU jemallocator[]0000000 extern 
crate LIlllliemallocatorT JUNO 


HUUUUUUIglobal_allocator] J] UOUUUUUUUUGLOBALQUU 
Jemalloc[]1000100000000000000000 0] 


000000000000000000000RedoxJ00000O0Rustiralloc TT) 
RRE 


13.2.8 [110100000000000 


000000000Unsafe00000000000000Rust00000Safe0 
Unsafe Rust00000000000000000 + y 

- 0000000000000000000000API000000 

- 000000000000000000000000000000 

- 000000000000000000 

00000000000000000000000000000000000 


13.3 0000000 


CS A Li 
LİLİLİLİLİLİİLİLİİLİİİRusit LIT UI UUCHT 


Common Lisp[100000000000 “000000 [Foreign Function 
Intertace[]FFI(1*00000000000000000000000000000Haskell[] 
Python 10000000000000000000000 Ada 00000000 
[Language Bindings[]"[]Java[][]l][] FFI[]L] JNI [Java Native 
Interfacel[ ||] 


LİLİLİLİLİLİİLİLİLİLİLİİLİLİF III! 


O A GW N P 


13.3.1 100000 


FFI (000000000000000000 00000 LLIIILILI IILI IILI III I I 
HEH 


LİLİLİLİİ İLİLİİ TLİ LL İİİ İLİT İLİ İLİLİT İLİLİLİLİT OK OOO OK OOO 
LİLİLİLİL İF IILI IILI IILI I İLİTİLİL İT İL İLİİLİT İT İLİLİLİLİL İLİLİL LİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİ 


LİLİTLİTİLİİL. 

ODC HABE TTTİTİLL 

LİLİLABITABİIT Tİ İLİLİİLİLİLİLİLİLİ 

- LİLİLİLİ LİLİL İLİ İL İLİLİLİİ İT İİ İLİLİLİİ İT İLİ İLİLİLİL İLİ İTİLİLİLİL LL 
LİLİLİLİL İLİLİL İL İİ İLİ İLİ İLİLİ İLİ İLİ İİ İİLİL İLİLİLİLİL İY İLİLİL İLİTİLİTLİLİ 

“ LİLİLİLİ TİLİLİLİLİLİL İTİL II 

“ LİLİLİLİLİLİ DUTOT 

* LİLİLİLİLİLİLİLİLİLİ L 

A A 1 İİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİ 
00 ABİTTT III IILI 000000000000 UUB 
OOL 

LİLİLİLİLİLİ İLİLİİLİLİ İLİLİLİLİLİ İLİLİLİLİLİ LİLİT İLL IL A BST 
LJLJLILILILILILILILILILIFFIII JL JLICULIABIII IILI ILILILILILILILILILILILILIC I I[! 
ABI[II IILI IILI ABH TİLİİLİLİLİLİLİLİLİC OOOO OU 
HOU" TABİ || 

RustİiLİLİLİLİLABİTLLLRusti TUL TT TTİTİTLİLİLİLİLİLİLİLİLİLİ 
ABINUNULNLUNLU UNLU Rust ABİ TTTLLLURusti OPP ITU 
UU -A BINO 

[13-200 Rust FFİTCTİLLLLLLLLLİ 





[j13-2[]Rust FFİLİCTLLLLLLLLİİ 


Rust QUFFIQUUUUUUUUUextern[U Tlerternil IFFI] III] 
ULULLULLUULLULEV MİTLUC-ABİT) 
000Crate Type 


LİLİLİTLABİİ TTİLTİLLİTİİLİ O0OOOOOOOODA 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİLİ LİLİT İ İLİLİ İLİ OOO İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİLİLİL. 
LLL ILIR HO + + QUUUUUUUUUUUUUUL 
DOOD OOO 0000 00000000000 0000000Rust O C/C++ 00000 
LicratellfİyİLLİLİLİLİTİLİ Rust (lesten eratet EI TB EET DOC HET] 
LİLİLİL İL İLİLİL İİİ İLİ TLİ İİİ İLİ İLİ İLİ İLİLİLİL İTİLİİTLİYİLİ 


LİLİLİLİİ İLİLİİ İLİ İLİLİLİLİL LİLİT İLİLİ İİİ İLİT İLİ İLİLİT İLİLİLİLİL İLİLİLİLİLİLİLİLİİLİL. 
LİLİLİLİL İL İLİLİİ IILI IILI IILI İT İLİ İLİLİL İT İLİ İLİLİL İL İLİLİLİLİT İLİ İTİLİLİLİ 
OOOO TİLİLİLİLİLİİ Tİ İT İLİLİLİLİLİİ İİ İTİ İL İLİLİLİLİLİİ İTİ İTİL İLİLİLİLİL İİ İTİL İLİLİYİLİLİLİLİİİ 
LİLİLİLİL İİ İLİLİL İLİ İLİLİLİİ İT İLİLİLİLİL İT İLİ İTLİLİL İT İLİLİLİLİL İT İLİ İLİLİL İT İLİ LİLİT İLİ İTİLİLİLİ 
LİLİLİLİLİLİİ İTİLİLİ TİLİLİLİLİLİİ İİ 1111111 TLİLİLİLİLİL İLİ İİ İLİ İLİ İLİ İLİLİLİLİLİLİNİİ" 
LİLİLİLİİ İLİ İF İLİLİLİLİİ A OOO0OOOUUA 
LİLİLİLİL İLİLİL İLİ İİİ İİİ İLİ TİL İLİLİLİLİLİLİ İTİL. 


LİLİLİLİ İLİLİLİL İİİLİLİLİ İLİ 0000 E] 


OOO TİLİLİLİLİLİİ TT İL İLİLİLİL İİ İT İ İT İLİLİL İİ İL İLİLİLİLİL İT İLİL İLİLİLİLİL İLİ İTİLİLİLİLİLİLİ 
LİLİLİLİL İF İLİLİ İLİ. İİ İLİLİL İLİ İLİLİL İT İLİLİLİLİL İL İLİLİLİLİL İT İLİ İLİLİL İL İLİL LİLİT İLİLİLİLİLİL? 


Lİ LİLİL İLİ İL İL İL İLİLİLİİ İİ İTİL İTİLİLİLİİ İİ İT İİ İLİTİLİLİİ İ İT İTİ İLİTİLİLİL İL İLİLİLİTİLİLİLİİİ 
LİLİLİLİLİLİLİLİLİLİLİ? 


UU Rust TİLİİLİLİLİLİYİLTİ 3-3000 


[]1 3-3[]crate typel]000 
00000000000Flag Ulicrate_type [III I III 
“—-crate-type bini [lcrate type”libinlTİTİLLLLLULLLLLİLLİL 
IEEE EIE ELI ain L 
--crate-type-lib [Olcrate type-|]lib[]] 00000000 Rust 
0000460 0Rustf00000000000000000000000000000000rlib TİL 
LİLİ 





“---crate-type “rliblHllcrate type”lirlibl110İHUULMLMULUURustlLu 
Rust III 

---crate-type=dylib [||[crate_type=[|dylib]]] (0000000 
Rust HUOO RustQUU0UUUUUUUU Linux İTİTİT".so TTLİLİMacOSXTİLL 
0*.dylib (00 ]Windows[1000*.d1ll 000 

--crate-type=staticlib [|]|[crate type-[|staticlib[]] TİL 
00000000Rust000000000000000000C000000000000000000 
LILILILILILLILILinuxl Mac STI a 0000Windowsf]000*.lib 000 

---crate-type=cdylib [][|[crate_type=[|cdylib]]] 100000 
COCA Linux İTTLT.so  [EEEL]IMa cO S XT | 
000*.dylib (000 Windows I] *.dll OOC 


LİLİLİLİLİİİcrate type Lİ İİ TİİTİİLİİİLİİLİİLİİ ANLI BİTİB 
000000staticlib(]0000000000000B00O0staticlib[]rib0]00000 

OUABIJOHOOODOUODOOOOOOOOOOOOOOOODOOOOOO0ORust 100000 
SS A A A 


UU 
RRE 


LİLİLİLİLİLİİLİTLİİİİRusti 00000 HUUUUUUUUUUUUUUUUUUUUUL 
EİN) SHIA RMU 


LiliLiLirustc1iyİLiLİLiLiLilililiLirustcTililiLitarget 0100000000013- 
48000 


100013-481]rustc[ (01000000 


$ rustc --target=arm-unknown-linux-gnueabihf hello.rs 
ULULNULUNU AR MIT Ubello, s TETEIEIEIE]S ea TL] 
0000001 3-490 
000013-49[ ]hello.rs[100 no std 


1. // hello.rs 

2. #![crate type = "lib"] 
3: sine Std] 

4. fn main() { 

Da 


println! ("Hello, world!"); 
6s J 


LiListdi I JARMIII II E no std] (00000000000000 
Lilililicore || 
[Li ürustc 0000048 Carge QUUUUUUUUUUUrustcYUUUcargo 
build TTT target [11000000000cargol]0000cc00000000000 
1000000Cargoll000000000000000013-200010 
LLİ1113-501TTicargolTİTTİLİTİ 
+ i8id At CH is EES 
> cat “7 «Cargo contig 
Itarget.arm-unknovn-linux-gnueabihfl 
linker = "arm-linux-gnueabihf-gcc-4.8" 
t EM cargo RN Ait 
$ cargo new --bin hello 
$ cd hello 


$ cargo build --target=arm-unknown-linux-gnueabihf 


UULLAUULtargetliUUUUlliMarm-unknovvn-linux-gnueabihf 
LLL target triple AAA Triple Dub n m BED p DET 


{arch}-{vendor}-{sys}-{abi} 


000arch TIİLLLLULUULULULLLLLLLLLUUULarmlilLvendor (ML 
LILILILILILILLILILILILILILILlunknovvlilisys [IILI IILI L Linux EDD abi rr] 
O00ABI00000gnueabihf10000000glibc]0C0000 erp p EE] 
DODO LIE PUNUNULULNUNUNULarm-unknown-linux-gnucabihill|l| 
triple 00000000000000000abill1[]x86 64-apple-darwin[] 


wasm32-unknown-unknown|] [2] [| 


RustiİİLİLİLİİ İİLTİİLİİTİ İxargo (ITT 
ECCO OIDEUIDsta D (LI IRusti I ixargo[lirustupii(I U I! 


externi İl 
Rust] İllexterniİİTİTFFİTTTTİİTİİ 
: extern 11 TT11externiTTİTİTİTTTTİİTİRusti COU 


' extern] [|[ IL Rust İTİİCİİİLLLİİLİexternl ITT 
DEED Rust HUO 


HLLLULLMexternl DQO) Rust-ABINC-ABINODONOO extern ABİ) 
UI) 


' externl Rust) | TİTİTİTLABİTİTİTİnİİTİTİABİTI 


- externi (CH DOQODOUC-ABIQODOO “extern fn fooTlLİ”LULLMLMLUL 
LL) 


- extern isystemil1 (00extern0C000000000Win32(000000 
HstdcaliTiL 


00000Rust00000extern ABİITTİLULULLULLLULReferencefll 
Sİ QOO0000RustO00000ABI0000 

- extern] İrust-intrinsicl III RUSTHOHHHHHHHABIN 

: externlJrust-call lala [ABID 

- extern[|]platform-intrinsic[ JULIA BI[ | 

000000000000extern000000000000 


13.3.2 UC/C+ +0000 


c000000*00'00000Rust0000000000 

RustJUOOOOOOOOSCOOOOOOOOOOOOOOOOOC/C + + QUO 
000Rust0000000000000000C/C-+-+0Rust000000000000Rust[ 
C/C++ DEDIBUBIBBUBUUBELBUEE Rust 00000 DE C/C ag HR 
LİLİLİLİLİLİ 

Lj C-ABID Rust 000000000000 00000 000000000 Rubya 
Python[]Node.js[ ]DEEDDDODOUUDODOO OUR ust HOHO FI NAO 
RRE 

URust UI 

00001 3-5 İTİLLİİLLRusiİT ACHA 

000013-5 111RusilTTİCİİİTİLL 


, extern "C" ( 
In zsalnümiinputz 132) => 1527 
) 


fn main() ( 


1 

2 

3 

2 

Ju unsafe { 

6 println! ("Is 3 a number ? the answer is : {}", isalnum(3)); 
1 // println! ("Is "a" a number ? ", isalnum('a')); 
9 ) 

9. ) 


000013-21000100extern JCQUUUUUUisalnum(]QQ00000 
main[] pp erp p iseimumrpr T DOCCT IL Lex tern 
LİTTİLİTİTABİLTİİİCTİLLİİLİLLexternl İİTİLİC-ABHTİTİ 


UELLULRULELL7 HüisalnumfiiiliLiHHaLTiHLIHLUELULULEULRLU 
externi İTİTTTTTİİTİİTİTİLİİTİLT TİTTİTTİRustİ I IILI UI] 

[Rust C++) 

[Rust [IL ILILILIC+ +QU0UUUC + +0UUUUC-ABIL 

0000cargol1000000bin Orustcallcpp00000015-52000 

000013-5200000rustcallcapp 


$ cargo nev --bin rustcallcapp 


uLlu9lU9iLirustcallcappli(Cargo.tomill HUOO 3-53000 
ULLUT13-53H(LMCargo.tomliTi 


[package] 

name = "rustcallcpp" 

version = "0.1.0" 

authors = ["blackanger <blackanger.z@gmail.com>"] 


build = "build.rs" 
edition = "2018" 
[build-dependencies] 
cc = "1.0" 


000013-5300000build.rs0000000builan00ce 131 mustmm 
00C/C++0000000C/C+-+00000000000000000gcclg++1000 
C/C++100000ar 00000000000000000Rust[ crate[]01000000000 
0000000build.rs (000Rust100000000C/C++0000000000 0] ee 
OOgcc00000C/C-++0000000 

000O0rustcallcpp0000000000cpp. src[]0000C++000000000 
sorting.cppl[]sorting.h[1110000000000000013-54000 
000013-54[[OOrustcallcppl110000 


—— Cargo.lock 

—— Cargo.toml 

—— BULLA. TS 

—— cpp ere 

| I— SOrtlnd.opbo 
| L sorting.h 
L— src 


L— main.rs 


0000Osorting.cpp0000Rust000C++000000000000153-99 
OOL 
000013-55[0sorting.cppl [] 


{ 


„io OT A QU N PR 


| 


include "sorting.h" 


void interop sort (int nümbersil, size t 5126) 


int” start = &numbers[0]; 
int” end = &numbers[0] + size, 


etd: sortistart, end, [i {ine x, anb y) + return x ^ y 1) 


Lisorting .cppliLiLLLİLİLİİLİLİnterop sort HUOO 
000002 + +00UsortüUUUUUUOUOUOL 


[sorting.h(1010000000C0000000013-56100 
000013-56[sorting.h00000 


I 


LO © Joh 01 BEN 


PRP PR 
N m o 


#ifndef  SORTINGH | 

define SORTING H  "sorting.h" 
#include <iostream> 

#include <functional> 

#include <algorithm> 

#ifdef cplusplus 

extern "C" { 

#endif 


VALE. JULES Sortirunli, Size €): 


. #ifdef _ cplusplus 


) 


. #endif 
L3. 


#endif 


Osorting.h]00000Oextern UCLUUinterop sort00000C00000 


D Rust TI 


ULLULLUsrc/main.rsİ1ULULLLULLUUL13-571LU 
HLLL13-5 7[]src/main.rs| || 


1. #[link(name = "sorting", kind = "static") ] 


2; extern { 


6 fn interop sort(arr: &[132;10], n: u32); 

4. ) 

5. pub fn sort from cpp(arr: &[132;10], n: u32) { 
6 unsafe { 

7 interop sort(arr, n); 

8. | 

Je ] 
10. fn main() ( 


im a LEE Wy arti 1102) 10] = (10, 242, 2 12, 8, 2a, T, 19, Ba, I]: 
Le . printini ("Before sorking...~.") ¥ 

18, println! ("{:?}\n", my arr); 

14. sort from cpp(&my arr, 10); 

LO, printlin! ("After sorting..."); 

18. printini ("1:21", my atr); 

Lis J 


000013-2700000100001ink[]name=]|[]sorting |]kind=/[] 
static[]]] O00000Rust000000dbsorting 0000 !2! 0000000000 
Rust0000000000000000000000000000000000 

00020400extern0000Ginterop sort0000000000000000000 
000000000C + +00000000000000000000 

00005090000 Rust [IL sort from cpp OOO C++] 
interop sort000000000000main00000000 

000000C + +0Rust000000000000000000000000000000000 
0000000000000000build.rs00000000013-58000 

HULL13-5811build.rs 


extern crate cc, 
fn main() { 


ces=Butld: nef) 


.warnings (true) 
zlagi"-WalLl”) 


1 

Z 

3 

4. .cpp (true) 
5 

6 

7 .flag("—std-c1114") 
8 


vela sar) 
9. fase ("epp sro/sorting.cpp") 
10. .compile ("sorting"); 


LE d 


LHpdrmuts-5ernturmamecepiupuiuiiuiucecuuuepp srctr] 
C++100000000000000000000000000 

- G++-Wall-std=c++14-c sorting.cpp 00 09++ Ul 
sorting.cppLiLiLi 

- ar rc libsorting.a sorting.o (||) |] ar] D DD U Ú 
libsorting.al] 

000000Ocargo run[]001000000000000000153-29000 

000013-3900000 


Before sorting... 
LU Ale €, Aar Dy 23y Es Lor gox “LI 
After Soruınü... 
9, eh, te Bp dme 32, top Zor Sey 29] 


00000C++000000000000000000000000main.rs(]0000000 
0011000000010000000Rust00000000000000C-+-+1000RustO0 
10000000000000 target/debug/build [00000000 
cpp src/sorting.ollibsorting.a || 

UULLİLcelİULLiULbuild rsfiliLilUMCommandililnevvlilig * +000 
LLLULLLLC + --İİTELİLİLİULceliLİLİUULLicclİLİLLLLLLCLLLİ 


NCHIN Rust]: 


UCHO Rust p p E PCIE ununu UC ea rg e HUUL 
callrustQQ00000013-60000 


HLULLM13-601HLllcalirusti iL 


$ cargo nev --lib callrust 


000000000000--46b00000000000000 0callrust HAO 
00000000000153-61000 
000013-61[|callrust 000 


— Cargo.toml 


I— c src 


| LU main.c 
—— makefile 
L— src 


— Gall UST... 
L— lib.rs 


01000001 3-6 [I IILI ULU IILI IILI 
“Cc srellilİİCTİTİİ 
-c src/main.c||[|[ JI] IC OOO 
: src/callrust.hl IHLMLLRustLULULUUCLLLU 
: maketile[[ JLI LI LIU 
ULULLULLUCargo.tomli TTİTULL13-62TLLU 
000013-62[00Cargo.toml[ 
[dependencies] 
LiDE pran 
PERO 
name = "callrust" 
crate-type = ["statıclıb", "cdylib"] 
UCargo.tomil İl ililililibc TilililibcİiluHHMLLLLNNNCULLULRustli 
ODO CHOO Rusi nunun 
000000 Rust 0000000 calirust (00000000000000 
staticlib ||cdylib [|[I III IIC-ABI[II I U I II! 
0000src/lib.rs(]000000013-63000 


000013-63100src/lib.rs[]0 


1. use libe; 


2. #[no mangle] 
3s. pub extern EA print hello from rust) 4 
4. printin! ("Hello from Rust"); 


Da ) 


000013-650000libc(000000print hello from rustllLLipub 
extern [[11001000000000000Oextern III ADI 

0000lno. mangiel (0000 Rusi OOOH 
Rust JEDE 000000000000 İTDİ 
010000000C000000000000000000000000000000 

00000src/callrust.h000000000print hello from rus III 
000000C0Rust[]00000000015-64101 

0001 3-64| || src/callrust.h ||] 


l. vela PEINE. hello from Trust) 


000000C000000c src/main.cQO00000000000013-65000 
000013-6500Uc_src/main.c|[ || 


1. “include "callrust.n" 
#include <stdio.h> 
#include <stdint.h> 
#include <inttypes.h> 
int main (void) { 


print hello: from tust; 


— O) VI A 0» N 


o 

O00U13-650000callrust.h (0000000000000000main0000 
(print hello from rust In 

00000000makefile (71000000000000000make (0000000 
00000001 s-66000 

HEIEIE]13-66[][] Imakefile| | | 


1. GCC_BIN ?= $(shell which gcc) 
2. CARGO BIN ?= $(shell which cargo) 
3. run: clean build 
4. 570 6ro/main 
5. clean: 
6% S(CARGO BIN) clean 
Ja rtu “E o0 sre/maın 
Oo. build: 
9. $ (CARGO BIN) build 
L0. $ (GCC BIN) -o ./c src/main ./c src/main.c -Isrc -L ./target/debug 


-lcallrust 

000013-66000000makef] run []clean [build MN build) 
HWW 

- [cargo build (UU Rustt]00000000C-AB100000000000 

: gee 0000CUOOOORust HHH m ain 

LLlma kefileT III) Otab0000000 

000000000000000makel0Omake run(]0000000000000000 
00015-67000 

000013-6700000 


/usr/bin/gcc -o ./c src/main ./c src/main.c -Isrc -L ./target/debug 
“LOQLULEUSL 
./c src/main 
Hello from Rust 

NOU 1367H12112112111LLömakeHlHHHHHHHHL 
print hello from rus HIT 


UO) 

0000000000000 Rust 0000 000000000000 Rust CO 
101000000000000000000000000000000000000000000000000 0 
LİLLİ 

OOOO callrustO OOOH Rusi HUOO IILI ILILICI 00000 
callrust ILiLisrc/lib.rsİİLİMLMLLLUELLU13-68İHLU 

000013-68[]src/lib.rsQ0000 


use libe:t{c char, € Vint}; 
use std::fTisoLCotr, 
#[no mangle] 
pub extern Th hm chars (st *const € char) m c ulnt | 
Let 6 STE = UBBƏLA | 
assert! (!s.as_null()); 
CStryitrom ptris) 
J; 


LEE £ ELE = 8 GERS, Cé SE*(). DEEL? 


= A © CO si Gi UD ai» e KI PR 


Ü. r str.chars().count() as m uint 
La 


) 


000013-6500000000000hm ehars thi p p odon 0000 
LİLİLİLİLİLİLİLİLİ LİLİT İLİLİLİİLİCLİLİLİLİLİLİLİİLİC DICIT CI An. 000000 
00000000char*str (110000000Rust000000000000000000 000 
13-4000 


ni m... 


f£ X 
char *str > stiil 





L113-411CTİTLRusti ITT 


CUUUhm chars[]0000char*str(]0000Rustt]0000000000000 
LILILIILICILLIchar”strt TTT 

Rust ]Charl]00CO0Charl | 0000000Rust Charl 0000 Unicode 
000000C0Charf]000000000RustO0OstdOos[]raw(]000000C0 
DODO0 0000 000000000000 c char (000000 ie 00000000 
hm chars1000000000std[ los rawl]000c chatt 


LLLcalirustl İTİL bo HAAA CHAO 
DDT chat TTT b istdi ol V ra wt bo it] 
Hoi Ces bO e EO sed Haaa 
LİL 

URust İLİLİLİLİLİLİLİL İLİ DID DIETE IE] Rus LU NULL Rust) 
stdTİLiil TTLLLLİCStr 0000000000002*000000000000005080 
DC Str from TI charfilililillliRustl mine Ste i m do dO odo 
LİLİLİLİTİLİLİ 

00009000CStr1000000008£strl000000010000000charsi000 
O0Rust]00000000000 count İLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL 
00000000 2000000000 UDEDUDUUUUHC-A BTE THOUGH CETT 
Dc uint 000 

III O caltrust.h (00000hm. chars( nibo bc 
00000000000013-69000 

000013-69[]0src/callrust.h70000000 


1. include <inttypes.h> 


— uint32 t hm chars (const char *str); 


000013-6900000000000hm chars]000C00O0uint32 t[ 
00000inttypes.h 000000000000000000000 


0000c str/main.c[]0000main[)0000hm chars[]000000013- 
70000 


000013-7000c. str/main.c[|(0mainf [000000 


1.  uint32 t count = hm chars ("The tao of Rust"); 
2, Bei nce dH", Comiti 
000013-7000000main0000000000001000hm ehars OI 


HUUU count U2 EIE Eee unt VT 


00000 0calirust(]0000000makefll00000000000000000000 
13-71000 


000013-71 make 00000 


/ / SOLA 92 TP Z AN Ar d 
15 


OOOO 
00000src/4b.rs00000000000000013-72000 
000013-7200src/lib.rs(000000 


use Se: Ir SE, SEA 

use std: :iter; 

t [no mangle] 

pub extern fn batman song(length: e wint) > “müt o char | 
let mut song € String::from("boom "); 
song.extend(iter::repeat("nana ").take(length as usize)); 
song.push str("Batman! boom"); 
let € SLE Song = CString: {new (song) unwrapt)3s 


€ str Song.linto raw) 


— © CD sl Oy £ qe 04 Bi E 


Üs 1 


0000153-7200000000batman song[]000000000000 “boom 
nana nana nana Batman[|boom” 00000000000 "0000000 
“nana”[10000000000batman songi HHH 


DORA C HO CHU Rusha tring HOHO 
otring[|[ LLL HAHA dhi LIC String (000String]00C- 
ABIDDIBHBHUUUBECStr HEBBEmStiing pip DEBE ELE ECT 
CString[IDBppmermm9enutistrngpmpestringHtlnlblbi 1E] 
into raw) III 

00CString(]10000000000000000*mut c char [TOC ur] 
0000000000Rust0C0000000000000000000000000000000000 
010000000002000000000015-75001 

000013-7300src/lib.rs000000 free song 


1 t [no mangle] 

2 pub extern fn free song(s: ”mut c char) { 
3 unsafe { 

4. LE s.18 null() T return | 

5 CString::from raw(s) 

6 J; 

/ ) 


0000 13-73 0000000 free songfilfilili”mut c char [10000 
uc stringiiliromliiiiicstringiiiiiii p Rust Bab 
LİLİLİLİLİLİLİLİ 

000000src/callrust.h1000000000000000C000000000000 
13-7400 

000013-7400src/callrust.h100000000000 

1. // BH te BA js BA 
2. Char * batman song(uint8 t length); 


öv “VOLĞ. free song (cher SE? 


DUDO e_src/main.cU UU) mainQ00dd0000001 3-75000 
HULULM13-75LLc src/main-ci Tilimaini [1000 

1. // Aw EI a 

ée Char *song = batman song(5); 
>.  brinte(“ sn“ OD) 
4. 


free song (song) ; 


DOT 23-220 DUE EIbatman. songtİLİLLİELLLLİLİTee songo i 
LİLİLİLİLİLİLİLİ 1 TLİ İL İT İL İLİLİLİLİLİLİİ TİLLİ HUUU İL İL İLİLİLİLİLİLİ? 
Rust DODO String pp D LI LI L IRustu U UI! 


TTT make OOOH 3-76000 
0000153-7600000 

/ / HOR A8 we AY BK AY p HH 

boom nana nana nana nana nana Batman! boom 


LİLİLİLİ İLİLİLİLİLİLİLİLİİ İLİ? 


Rust? CHO DODOO O O ODO OD O gg 00000 gd 000000 0000000000 
00000000000000000000000000000013-77000 
000013-7700src/lib.rs! 1100 


use Std: slice; 
#[no mangle] 
pub extern fn sum of evenin: “const e uinr, lem o uint) => e uint 
| 
let numbers = unsafe | 
asserti(in.i8 nulli); 
slice:;irom raw partsin, len as usize) 
hi 
let sum = numbers.iter() 
.filter(|&v| v $ 2 == 0) 
eld, lace; vi aco + v) 


sum as c uint 


. J 


COOOOOOOOOOOOOOOOOOORust TİLİLİELİLİLİLİLİLİLİLİLİ 3-7 700000 


[sum of evenl1LiLLU”const c ont IIIe opt III 


LELİLSHƏLİİLİLİslicelillirom raw porte pb pmpD Li] 


0000000901 EOBIEIBOIDEIEI BID EIE DUI EIEL CIO EIC EET CIC TLI 


OOsrc/callrust.h(10000000000000013-78000 


000013-7800src/callrust.a 00000000 
/ / HARA A 9] 
#include <stdio.h> 


uint32 t sum of even(const uint32 t *numbers, size t length); 
0000013-78000000stdio.h (1000000000000size t 000 


ITT src/main.c[]]Ejmain[ 0000000000000015-79000 
000013-79[0c src/main.c] Tilimaini [1000 


1. // BERBERA 

2.  uint32 t numbers[6] = {1,2,3,4,5,6)}; 

3. uint32 t sum = sum of even (numbers, 6); 
4. 


printf("$dMn", sum); 


Lllmakel Ep p IILI IL I 
[CO Rust 00000000 TİTİCİİLLİLİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİLİLİLİLİLİLİLİLİ 


Lj HCTiRustl TİLİTİLİLİİLİLİLİLİLİLİLİLİLİLUİLİLİLİLİLİLİLLİLİL1 3-800 


LLT113-801Tisrc/lib.rsiİLTİLİLLULLLLLİ 


t [repr (C) ] 

pub struct Tuple | 
xı m Vint, 
SES E TIMES 

) 

impi From«(u32, u32)> for Tuple | 
En Lrom(tup: (u32; USE) => Tuple i 

tuple 4 xi tüp.U; yi tup.l y 

) 


e J 
x impl From<Tuple> for (u32, u32) | 


LH Tromitup: Tüple) -> (4122, I 4 
CELO. x, El. Y) 
} 


wot 


» LA Compute CUDLƏLLUB: (132, ü32)) -> (03%, 122) 1 
let (a, b) = tup, 
(eti, asl) 


- İ 
. #[no mangle] 


e BUD OXZLOLR Eh Elin EHLBSS around (pt TüPLƏ) -> TUPLES í 


compute tuple (tup.inte ()) . inte () 


d 
000013-8000010s0000000Tuple000000000000000004 


[repri]C01 O0OO0OOO0OOODOC-ABIOO CO Rust iila ip d ETE TET 


000 0 

00060900 Tuple[]0000 From! f]u52[]u32(0000000000Rustf] 
[u32[]u52[10000000Tuple(10000000010015000u32[]u320000 
From] |Tuplef]10000Tuplel1000000000 

00016(11900000000000000000000 

000 201123 HUDD flip things around WII 
compute tuple]000000O0tup.into[]0 00 Tuple 0000000000 
computer tuple[]011000000000000000000000Hinto(]00000000 
000Tuple00000A 

00000src/callrust.h10000000015-81000 

000013-8100src/callrust.h[1100000000 


1. // HBL 2 js N 

2 typedef struct | 

Ja uinea T x; 

2 Minto. E Ww. 

3 I tuple t; 

6 tüple t. flip things around (tuple €t); 


000013-810000000tuple t (0Rust0000Tuple0000000000 
000src/main.c(000main000000013-82000 
000013-82[0c. src/main.c[ 000000 
1. // Aw AX a 
Za wuple € Initial = f «x > 1209, «Y = Zİ 17 
3e tuple © new > flip things -around( initial); 
4. 


printf("(%d,%d) \n", new.x, new.y); 


00013-822 000000 tuple t 000000000000 
flip things around[]1100000000000x0y000000make[]0000000 
0000000°021090°01 

00 C O Rust [IHBHBUBBBBBBE|Uiuiuid € DODOD0 00000 
LOpaquel iRusti ¡Box JV] ] LEE] 000001 S-8s000 

(13-83 Tisrc/lib.rsi TTLLL 


use std::collections::HashMap, 
pub struct Database 1 

data: HashMap<String, u32>, 
} 
impl Database { 

fn nev() -> Database ( 


Database { 


COO xi OF Ol ab € My LP 


data: HashMap::nev(), 
9. ) 


D, ) 
Lia fn insert(&mut self) ( 
12: Tor XL 14 Uil 4 
Lə. IBC zip = Tozmatıi 42057", Lİ? 
14. selt data. insert (zip, E) 
1: ) 
16% } 
17, fn get(&self, zip: &str) => u32 1 
18. selr.darta,.get(zrp).clonedi).unwrap or(0) 
19. ) 
Ux | 


000013-830000000Database[][0HashMapl[ |[String[]u32[]0] 
ITT new (0000 insert [] get (0000 new [| 
00000Databasef]00000insert]000000000000010000000 000 
100086||=[1100086 *[110000000000000000000get00000000 
LİLİİTİTİTİTİTİTİTİTTİ 


000000 Database QUUUUUUU0 © 000000000000000000 
[repr CT 000000000C-ABI0000000 C0000000000000000000 
LİLİLİLİL İLİLİL İL İLİLİİ İTLİLİ TİLİLİLİLİLİ İİİ İLİ İL İTİLİLİLİY İLİ C] 


TTT 3-840 
000013-841000src/lib.rs[10000 


1. #[no mangle] 

2. pub extern fn database new() -> *mut Database { 
Sa Box::into raw(Box::new (Database::nev())) 

4. | 

56. #[no mangle] 

6. pub extern fn database insert (ptr: *mut Database) 1 
Ts let database = unsafe { 

8. aSsSertlitlptrals KULLI: 

9. &mut *ptr 

lU. ); 

11; database, Insert); 

LE d 


13. #[no mangle] 
14. pub extern In database query(ptr: *const Database, 


155 zipi "const e char) => c vint 
16; 4 

Se a LƏL database = unsafe | 

18. assert! (!ptr.is null(i());: 

19; e *ptr 

SH, ); 

21. let zip = unsafe { 

2. asserti(lizip.is null(i)): 

23: Goer: ¢irom per (zip) 

24. y; 

29. let Zip SUPE = 218.5 Str) Ip); 
294 database.get(zip str) 

ele J 


28. #[no mangle] 
28. pub @xtern Lü database Trée (ptr: *mue Database) | 


SÜ s JE ptr.is null() { return | 
31 2 unsafe | Box::Irom raw(ptr)rz | 
>» | 


10000 13-84 QO0000000O0O0O LL database new [| 
database insert []database guery[] 0000 Database[][ new] 


insert[]get[] 


0002040000database newf]00000000*mut Database HE 
Database[!110000000000000C00000000000000000000000000 
HO Database | newf]00000000000000Box[]0newf]0000000000 
Box] ]]into raw[][|j*mut Database[]000000000 Database JI II IU! 
0000000000000000000000000 CITT 


0009027000000 database insert[]database queryliLiiLLL 
0000000 HashMapl]Stringt]u3210000000000000000000000000 
"mut Database[]TETEBDBBOHUEPatabasen ni 

000280320000database ireel]000000000 Rust 0000000 
(bus DO 00°0000000000000Box0000000000000000000004 
LİLİLİLLİLİLİLİLİLİBoxf İİ AUA Ko TİLİLLİLİLİLİLİL İT İT İTİ III! 
IILI Ii b/calErrust. DIUTTOUTTOTTTTUTTOTT E 3-85000 
LDETIE3 -85 ETE ercicalfcust. WOTTOTTOTTOTT 

/ / BF te kö 

typedef struct database 5 database t; 
database t * database new(void); 

void database free(database t *); 


void database insert(database t *); 


aa He e dst E 


uint32 t database query(const database t *, const char *zip); 


000013-85002000000000database Sfidatabase t0000000 

LİLİLİLİ İLİ İİ İLİ İTLİ İTİTİLİLİT İLİ İTİL) 
(TC src/main.c MN mani EBD DICE DEDE ILE T 3-86000 
000013-86|]]c_src/main.c[ main [11000000 

// BBE 

database t “database = database new(); 

database insert (database) ; 

uint32 t popl = database query (database, "10186"); 

GINES É pope = database query (database, '"10852"); 

database free (database); 


A E > GC 


print in”, pop = popl); 


00makell0000000000000000000°666°1] 
LİLİLİLİLİLİ? 


HUOO Rust İTTCTİLLİLLİLİLLİLİLLİLİLİLİLİİİLlexternl DETHEBEIEIDIEIDETEU 
HU € 000 Rust TİLİLİLİİİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLLİ 


LİLİLİL İL ODO İLİLİLİLİLİLİL İLİ İLİ İLİ İLİLİLİLİYİLİİ? 


- rust-bindgen !9! QQQQ0000000000Rust FFIOCOOOOOOO 
0C++000 


- cbindgen İZİ (000000Rust0000000000 


- ctest 121 (00000Rust FFI0C00000000000 
000000000000FF100000000000000000000000 
000000000000000000 


- cargo-lipo 12! [cargo lipo000000000iOSO0000 


- jni 119! [ORust JNIOOOOOOAndroid00000 
Rust[]]105/Android[]00110000000000000 target 


13.3.3 (Rust VIII 


DO Rust Ruby[jPython{|Node.jsQQUUUUUUUUUURustyyu 
ITT + + 000000 IILI IILI IILI L 0000000000000 Rus tT TT 
A A 

00000000000000000 Rust 000 00C/C-++00000000Rust 00 
00000000000000000000000 FFI 000000 lipffi (0000000C000 
00000C-AB10000000000000000L4bti1000000000000000000 

URubyiT1i 

LRubyliLLLULUEULLif gem 000000000 callrust VIII 
(0Ruby1]00000000database.rb0000000000000000015-87000 

000013-8700Ruby/database.rb[ Ruby] 


require 'ffi' 
class Database « FFI::AutoPointer 
def self.release (ptr) 
Binding.free (ptr) 
end 
def insert 
Binding.insert (self) 


end 


Oo Oa] OF Ül 4 (Ə RN) E 


— 
c . 


def query(zip) 
Binding.guery (self, zip) 


m H 
N E 


end 
module Binding 


pa 
CO 


extend FFI::Library 

LA, ffi lib "../target/debug/libcallrust,dylib" 
1.3 n attach function :new, :database new, [], Database 
15, attach function :free, :database free, [Database], :void 
17, attach function insert, :database insert, [Database], :vold 
LB; attach function :query, :database query, 

19, [Database, :stringl, :uint32 
zÜ, end 

21. enq 

22. database € Database::Binding.nev 
23. database.insert 

24. popl = database.query ("10186") 
25. pop2 = database.query ("10852") 
26. puts pop2 - popl 

0013-8700 Rubya EE Rust UE EL Database pip EDIDI OU Ef 
gem|] 

0002011 0000000 FFINNAutoPointer[]Databasel LU FFİHU 
AutoPointerllLiLiLili self.release[]0000000 Rubyl GC00000000 
010000000000 Rust000000000 Rust000000 Database KODO 
self.release 1100000 Rust0000000000 000000Oinsertf]gueryf] 
01000000Rust 000000 


000 121120 0000Binding]000000 0] extend] 0000Mixin[ 
FFIO0Library[]10000000004bik00000000Rust00000000000000 


14Q00ffi_lib (0000 Rust[1E]L] 111) p00000000000000000 

attach function [| (Rust 0]000000000Ruby1010000 
00022(12600Ruby(l0000000000Ruby00000000000 
(Rust000000000000000000000Ruby100000000 


: Ruru [Rutie [J| j| jRust[ UU) RubyQ00000000 Ruby 0000000 
LLL IILI ET Ru by aa 

: Helix [(1000Ruby(10000000000000000Ruby(0000000000 
0Rubyl]00000000000Aelix(1000helix-rails gemi İTLLRailsi 0000 
0000000Rails00Helix[ [Rub yL ET 

000000000000000000 DLELLRustTİLLLRubyLİLLULLULLLLLLİ 
NURubyuNNURuby GC000000000000000000000 000000000000 
000000 Ruby 000 Rust 00000000000000Ruby00000000000 
LİLİ 

0Python[00 

0000000Python[ [Rust(]000Python 300000000000CTypesl] 
0000000004bti[0J00CTypes0000000000C-ABI00000 

[callrust(10000000Python000database.py(]100000000000 
0013-88000 

000013-88[[]Pyvthon/database.pvl |00Pythonf || 


KX OZ o O3 ots ewe BI MA 


N NM NM NB NN ə A 3 FFP ja ja FF x 
moe Y NN HL O XO OWI Oy) Q ës W N mə © 


26. 
27: 
28. 
29 
30. 


#!/usr/bin/env python3 
import sys, ctypes 
from ctypes import c char p, c uint32, Structure, POINTER 
prefix = ("vin32": "").get(sys.platform, "../target/debug/lib") 
extension = ['darwin': ".dylib", “vin32": ".dll'} N 
.get(sys.platform, ".so") 
class DatabaseS (Structure) : 
pass 
lib = ctypes.cdll.LoadLibrary (prefix + "callrust" + extension) 
lib.database nev.restype = POINTER (DatabaseS) 
lib.database free.argtypes = (POINTER(DatabaseS), ) 
lib.database insert.argtypes = (POINTER(DatabaseS), ) 
lib.database query.argtypes = (POINTER(DatabaseS), c char p) 
lib.database query.restype = c ülnt32 
class Database: 
def init (seli): 
self.obj = lib.database nev() 
der enter (self): 
return self 
def exit (self, exc type, exc value, traceback): 
lib.database free (self.obj) 
def insert (self): 
lib.database insert (self.obj) 
def query(self, zip): 
return lib.database query(self.obj, zip.encode("utf-8")) 
vith Database() as database: 
database.insert () 
popl = database.query ("10186") 
pop2 = database.query ("10852") 
print (pop2 - popl) 


100013-87002050000CTypes III III 
LUCIDE Rust NOU 
000705000000Databasesf]000000000 


LEL9TT41T111C Ty pes HUOO 
000000000000 CTypesliLiLi POINTER İTİL DatabaseSQQUU00 
000000 Databasesl TU POINTERTIII E] 

0001 5025000U Database IILI IILI insert query mr] 
. enter [| exit [10000000Database[]00000with []H[]with[][] 
000000000000 0000with000000000. enter TUTE 
Was VIII exit KIDOA 

000000026(0300000with0000000000000000000000000000 
00000000. exit (000RustfOdatabase free KONDOO 

(0Ruby(100000000000000000 0000000Pythonf[0Rust000 

: rust-cpython [][] Python HOHO Rust[]L][]L][] Python 2.7 [] 
Python 3.3+[] 


: PyO3 0000 Python (000 Rust (000 rust-cpython (00000 
000O0rust-cpython[]001 

000000000Py0541000000000000 

(Node el II 


00000Node.js0100000700000000000000000000000000000 
O0000URLOOODOOOOOOOSCPUODOOOOOOOOOOOONode.js0000C+-+1 
0000000000000000000000000000Rust OD 000 0000000000000 
LİLİİTİTİTİTİTİTİTİTTİL 

Node.js[] V8.0 [HI LL] LLL] NAN [] Native Abstractions for 
Node.jsQUUAPIQUOUUU0UU0U0U V8.0 UNUNUNUNU N-API 00000 
NAN 1N-API (0000 C-ABIOO000000 Nodejs0000000000 
JavaScript III 


(callrust]0000Node.js/database.js000000000000013-89[] 
LİLİ 
ULLU13-8911Node.is/database.isi 1000 


> 8 ci ON I a” ko Pei E 


bo Da BS Pei Po DO E E p.s oL. p pə PAS p 
ER dd (3 Pä pF Co 16 OO € Oy AA IB WwW DS "kä C) = 


28. 
öl: 
28; 


const ffi = require('ffi-napi'); 


const lib — ffi.Library('../target/debug/libcallrust.dylib', 


database new: ['pointer', []], 

database free: |'vold', ['pointer']]l,; 

database insert: ['void', ['Bpointer']], 

database query: ['uint32', ['pointer', 'string']], 


J); 

const Database = function() 1 
this.ptr = lib.database new(); 

J; 

Database.prototype.free = function() { 
lib.database free(this.ptr); 

J; 

Database.prototype.insert = function() { 
Tib.database Insert (this .ptr); 

J; 

Database.prototype.query = function(zip) { 
return lib.database query(this.ptr, zip), 

J; 

const database = new Database () ; 

LEV 1 
database.insert(); 
const popl = database.query ("10186") 
const pop2 = database.query("10852") 
console.log(pop2 - popl); 

¡finally 1 
database. free () , 


| 


NOOONode.jsOO00000000ffi-napifggN-APigg 142! p 


lib.database new[]00000000ptr000 


( 


00001 S-890001070000ffi-napi NIA Rust IILI 


100 8H 101111: 1 JavaScript |] Database [] [] U U Ú 


10011019000 prototype 0 Database [][]free[]insert[] 
query []J0U000 Rust 0000 L] database free[]database insert|] 
database query[] 


00020028000Database[]00000ty10000000000Anally(0000 
database.free[]000000Rust0000000000000000000000000000 
LiL) 

00000000000000000Node js(]Rustf]0000000000000Neon 
a 

Neon{JRustQQUUUUUUUUNode.jsQUUUUUUUW avascriptQQuu 
010000000000000000000000000000000000 Neon ILULULNAN 
LİHELLLLN-APITI 

1000000 

[][Ruby[]Pythonf[]Node.js100000000Erlangl HB EA MBOO 
ElixirlİLLLLRustiLLLLU 

ELxir]00000000000Erlang[]00NIF "Native Implemented 
FunctionlTİLULNİFTİErlangTİ İC Hamb hina 
00000000C00000O000NIFO0000000000000000000000C/C+-+000 
0000000000007NIF000000000Erlangl]00000Erlang[(10000000 
0000 Erlang 000000000000000000000000 Rust (00000000 
NIFL0000000000 

Rust 0000000000000000 NIF 00000 Rustler (0000000 
BEAM[1000000000 Erlang Elixir] Elixir ITU 
Rustler[]L LLLI 

00FFICRust0000000000000000]Java[]Swfit[]Lual]Haskell[] 
OCmalff00000000000000000 

: jni-rs [Rust] NIQODO0O0OJavad 00 

: rlua 1IRusti ILual1UULULLULualiNLi 

- rmal 1RustOCmalHULULL(ULMOC mal II 


LİLİLİLİİ İLİLİLİ İLİLİİ İTİ İLİ İLİTİLİ? 


13.4 Rust WebAssembly 


WebAssembly [000000000000000 000000°WASM'COO00 
0000000000000000000000Webl000000Rust 20180000000000 
000000000WebAssembly100000 

WebAssembly[|[0Google[]MicroSoft[]Mozilla[]0100000000 
0000 Web000000O00OODOOOOOOODOODOODOOOOODOOOOOOODOOD 
C/C++/Rust1]100410000000000000000000000000000000000000 
000000000000 00000000 WebAssembly (00000000 OIROOOO 
WebAssembly[]0000000000000Assembly[10000000000000000 
0000000 WebAssemblyl]000Webl]000 


00WebAssembly[110000000000000]JavaScript API[I I III 
00000 Javascript (100000000000000000000000000000000000 
00000000000 WebAssemblyl]0000000000000000000000/00000 
LİLİLİLİLİLİLİLİLİİ? 

WebAssembly JavaScript HOHO 

: WebAssembly[1000000000000WebAssembly[]000000000 
01000000000000000Javascript] 000000 

 WebAssembly | JavaScript00000000000CPUL00006400 
00000000000000000000CPUHOOL 

 [0WebAssembly[]000000000000000Rust000000wasm-gc 
LİLLİ İLİTTİvvasmi UO) 

: WebAssembly[10000000000000000000000000000000000 
WebAssembly11000000000 JavaScript] 00000000 JavaScript 
ULLULLLLETavaseripiliGCTiLLiLi 

000WebAssembly[]00000000000000000000WebAssembly 
0000DOMOOOOOOOOOOOOOOOOOOReference Types 112! 0 
Host Bindings [14] 0 0  WebAssembly OD O O 0 0 
JavaScript+DOM (00000000 

WebAssembly [10000000 Webl000000000000000 Web [| 
0[00WebAssembly[]000000000000 00000000000000000000 


000 HLİLİVVebAssembiyl Il III! 


: APIH 00000000000000000APilJavaScript API (Web 
API [] 


WOUULUUWebAssemblyQ TT Webi UD Webl DTD) 000 
00WebAssembly(10000Webl00000000000000000000000000000 
III 


LİLİLİLİ İİ İTİ OOOO OOOO OOOO OOOO OOO NODO OOOO OOOO 
13.4.1 WebAssembly |] ]] 


0000WebAssemblyl i i n i i td 


[IH HELVVebAssembiylİLELiLİİİLLLİLİ.vvasmlİTİLİLİİLİLİLİLEİLLİLLİI 
LİLİLLİLLİİİLTavaseripil İTİL 


‘ 0000 HülLyTavaSeriptLlilililiHHHULMLUArrayBufierlili 
JavaScript! [[]WebAssemblyt IILI IILI I III! 


“YU 0000000000000000000 

010 00000000000000000000000000000000000000000000 
1000000000000000 

0000 0WebAssembly[10000000000000000000000000000 
LİLİİLİTİTİTTİİ 

I] wast 

WebAssembly[]00000000000 00000 00000000005000 000 
LİLLİ İT İTvvast (14000000000000000000000 0 

00000000000000 WebAssemblyll000webassembly.studio 
[15] 00WebAssembly IDEO000000000 0 webassembly.studio[ 0L 
NOUUUUUUUEmpty Wat ProjectHiHtlB DD ereate 000000000 
WebAssembly[1000000000000013-90000 

000013-90[]Emptv Wat Project III 


H— README.md 

I—— build.ts 

— package.json 

— src 

| — main.html 
| — main.js 

| -—— main.vat 


000013-90[]build.ts]1000000U0Uwasm[]00000O0out000Osrel] 
00Omain.wat[]01000000 WebAssembly 00000000000000 
main.vvasmllilUUULUmain.islULlUUvasmiLuLUuUuLlmain.htmifil 
LIE] 

0000Umain.wat00100000000000153-21000 

ULLU13-9 111main.vvati III 
1 (module 
2 (func $add (param $lhs i32) (param $rhs i32) (result 132) 
> get local $lhs 
4. get local $rhs 
5 132.add) 
6 (export "add" (func Sadd)) 
7 ) 


00000000015-910000000000005000000000000000000 00 
00000000000000000000000000000000000000000013-910000 
00000000 module []func []export (00 0module[]000000func[] 
LititiliTlexportİTİTTTİTTİTTİTİLTTİ 


000020func00000000000$add rrjs 000000000000000 
00000000000000/00000000000000000000000000func1000000 
0000000paramil000000000000iS520000000result]0000000000 
01132000 

00030500000000000get localf]000000000000000iS2.add[] 


000000013200000000000000WebAssemblyooo000 401 rj 
wasm0000000000 0000get local 000000000000000000 
i132.add0000000i1320000000000000000000 


LiliLlollillexportlİLliTiLiLiLELLexportlİLTİTİLİLİLİ”add”lii 
JavaScript Ti İİ 


00000000 WebAssembly[]000000main.js11000000000013- 
92000 
000013-92[]main.js 0000 
1 fetch('../out/main.wasm').then(response -» 
2 response.arrayBuffer () 
3 ).then (bytes => WebAssembly.instantiate (bytes) ) 
4. «then (results => | 
= instance = results.instance; 
6 document.getElementById("container").innerText = 
7 instance.exports.add(1,1); 
8 


}) .catch(console.error) j 


0000153-920000fetch (III Tou Uran was! ll 
0000000ArrayBuffer TTTTTTİXEHRİTİTİNvasmlITİi 

0000WebAssembly.instantiate ITTİLLLLLLLULLELLLLLLU 
(add[00]avaScript000000 instance.exports.add [110000 

0000000webassembly.studio[]0IDEObuild €run [O00000 
000000000072 T] 

HUVVebAssembiyi [| JauaScript]]] 

HLUVVebAssembiyliliHLi32111641113211164 (00000000000 
0000000000000000000WebAssembly(]00000WebAssemblyf 1 
000000000000000000 JavaScript] VVebAssembiy.Memorylil 
OOU L 

000000]O0main.wat[]000000000 “Hi WASM” ITT 3-931) 
LİLİ 

LILILILI13-931TTlmain.vatilİTTİTİİİ 


1. (module 
2. (import "console" "log" (func Slog (param i32 132))) 
2. (Import "js" "mem" (memory 1)) 
4. (data (132.c0nst 0) "AL VASM,”) 
I (date. 4132: GOSE 8). "Im Coming") 
6% (func (export "writeHi") 
as 1324. GOST 0 
8. 152 ,CONSE EG 
I call $log) 


LU. g 


00001 3-9 3Q000000000000000000import (data [func |] 

HOO2000300import 00000 JavaScript D 000000 
WebAssembly[]000002000console.log[10000000$1og 0000300 
DfJavaScriptp 00 0000000000001) 064KBQ0000000000 
WebAssemblyv[ 000000 

0004000data (0000000000000“0i32 const OUT 
000000000 0000000000000 00005000data[]000000000000000 
000000800000000000 “Hi WASM[1*0000800000000000000000 
80000080000000000000000 

000609000 writeHi000JavaScript 000000 cal 00000 
JavaScript 00$logOO00 

00000main.js]0000013-94000 

000013-94 O main.js 


1. var memory = new WebAssembly.Memory({ initial : 1 }); 
2. function consoleLogString(offset, length) { 
KÉ var bytes = new UintöArray(memory.buffer, offset, length); 
4. var string = new TextDecoder("utf8") .decode (bytes) ; 
ə. console.log(string) ; 
Ge | 
7. var importObject = { 
S console: { 
9. log: consoleLogString 
LO, Ps 
11, 153 4 
LE mem: memory 
143. ) 
LA. I7 
15. WebAssembly.instantiateStreaming ( 
16 fetch('../out/main.wasm'), importObject 
17. ).then(ob? => | 
18 obj.instance.exports.writeHi(); 
L3w 29% 
000013-94001007WebAssembly. Memory [| []wasm[ II 
010000 


HOD 26D D EiconsolebogsString DEDE db mettset T III 


(length 00 Uint8Array [|TextDecoder [OOD wasm[ 00000000 
00 000 wasmi]000000000000000000000 JavaScript OO 


00070140 importObject[ JavaScript101000000wasm[0 


00og(01000000wat0000000000import00000 


00159190000 WebAssembly.instantiateStreaming ||] 


LİLİLİL İL İLİLİL İL İİ İLİ İLİ İLİLİLİLİLİLİ İLİ iwasm[i İLİLİ İL İTLİ 


NOOO webassembly.studioNNIDENONbuild€Erun HH 0000000 


00000000000 “Hi VVASMİİIm Coming ” 2! g 


LİLİLİLİLİLİ? 


OO OOOO İLİ İLİ İT İLİ İLİT İT OOOO İTİ İLİT İT İL İTLİ İT İL İT Tİ İT İLİ TİLİT İLİTİTİTİİ 
(100000000000000000000000000000000000000000000000000 
UUUUwasm (100000000000000000000000000 000000000000 0 
00000000000 0000iS5200000call indirect [1110000000000000 
0100000 

LLivvasml OUT 
JavaScript wasm 1UUUUUUUUUUEHvvebassembily.studiolluUTDELL 
000000 wat 0000000 src/main.wat (0000000 src/shared0.wat 
(src/shared1.wat[]0000build.ts1000000013-95000 


000013-95(000build.ts TL 


1. gulp.task("build", async () => ( 

2 const data0 = await Service.assembleWat ( 

3 project.getFile("src/shared0.wat").getData() 
4 ) ; 

S. const outWasm0 = project.newFile( 

6 "out/sharedÜ.vasm", "vasm", true 

1 ) ; 

8 outWasm0.setData (data0) ; 

9. const datal = await Service.assembleWat ( 

10. project.getFile("src/sharedl.wat").getData() 
Lig dj 

12. const outWasml = project.newFile("out/sharedl.wasm", "vasm", true); 
13. outNasml.setData (datal); 

14. |); 


[Jbuild.tsUUUgulp.taskQQQU0U000001 3-95 000008000000 
shared0.vvatlishared 1 .vvatl1UUVVebAssembiyliLL 


LLlshared0.vvati İLİLİLİLİLİLİLİLİLİLİLİ13-961İLİL 
HLLLM13-9611ishared0-vvati [100 


(module 
(import "js" "memory" (memory 1)) 
(import "js" "table" (table 1 anyfunc)) 
(elem (i32.const 0) $sharedÜfunc) 
(func $sharedÜfunc (result 132) 
+534. CONST Y 
1232-1686) 
0) 
00001 5-96 0] 2p S mg avascript rn lb i I p p E TL 
1100000000000000010000000anyfunc [IIT IILI L 


10040000elem (0000$shared0func [(110000000000000 
Deier) VTT data (0000 


000 >07 000000$shared0func (1100000000000000 00000 
[152.load[]111000000000000000000000000000000000000000 


LILILILILishared1.vvati İİLİLİLİLİLİLİLİLİ13-9 7TİLİL 
HLLMLu13-97HLUshared 1.vvati II 


i! 
2 
3 
4. 
Fe 
6 
7 
8 


1. (module 

CN (import "js" "memory" (memory 1)) 

Ja (import "js" "table" (table 1 anyfunc)) 
4. (type svoid to 132 (func (result 132))) 
5. (func (export "dolt") (result 132) 

O. LIA «conste Y 

Ta 132 Gonst 42 

B 132.store 

9. 132 GOB SU | 

LÜ. call indirect. (type $void to i32)) 
lla 3 


000013-27000000 Javascript] mp dd dd 00000004000 
type 00000000000$void to 132[110100000000000000000000 
HU 


00050100000000JavaScript[]000dolt0000006080000000 
"L132.store []132.const 0[] [132.const 4200”N00000420000000 


HRH 

(0090 100000 “1 call indirect || type$void to 13211 
1i32.const O00”0D00D0dd0000000000000000dUshared0.wat 001] 
HL$sharedöfunc1l 


00000srce/mamjs00000000wasm 000000000000 
shared0.wat[]shared1.wat[]00wasml[[00000000013-98000 


000013-98f]]main.js(1000 


1. var importObj = | 

2 Tər A 

3 memory : new WebAssembly.Memory({ initial: 1 )), 
4, table : new WebAssembly.Table({ initial: 1, element: "anyfunc" )) 
2 | 

6. |; 

7 Promise.all (| 

8 WebAssembly.instantiateStreaming ( 

9, fetch('../out/shared0.wasm'), importObj 

LR, İş 

11. WebAssembly.instantiateStreaming ( 

12; fetch("../out/sharedl.vasm"), importObj) 

13. ]).then (function (results) { 

14, console.log(results[1].instance.exports.dolt ()); 
Low 1): 


UHUU9U135-981U39UimportObi IILI ]WebAssembly.Memory{[] 
WebAssembly. Table (00000000 

0000 Promise.all IT ID 0 0 O sharedO.wasm || 
shared1.wasm[)00000000shared1[00000dolt[ 

0000webassembly.studio[]0IDEO00buildRrunl]000000000 


00000000000-42 ” 1181 p 
13.4.2 []]Rust] ] |WebAssembly 


LTLLLİİvvatl İTİTİLİLİLİvvasml İLİLİTİLİLİLİLİİLİLİLİVVebAssembiylili 
LİLİLİLİLİLİLİL İİİ İLİ İLİ İLİ İLİ İ İLİ İLİ İLİLİL LL LL 


- C/C++ [UE Em Scripten /TLLUEUvasmiEmseriptenlil 
[LLVMIUOOOOOODOLLVMLUOOO0O0Oasmjs0000C/C++00000000000 
HLLVMü111811H1 Clang [00 LLVM IROOOOOEmScripten [|0 
asm.js0000000 WebAssembly[]]JU00Binaryen[jasm.js[|[Jwasm{] 
0000000asm.js[JavaScript(]1000000000WebAssembly EET 
0000wasm[]0000000000asm.js0000 

: Rust [([0wasm[ [0000000 

-Wwasm32-unknown-unknown | 1 0 0 H LLVM 
WebAssembly Backend UO 

>wasm32-unknown-emscripten || |] ]JJEmScripten]]] 
C/C++ 00 

Hvvasm32-unknovvn-unknovniuuLUULULRustUULMEyvvasmliLu 
00000U0Uwasm[ 000000 O0rustupil00000000015-99000 


LILILILI133-991  ]rustup |] 
$ rustup toolchain install nightly 


$ rustup target add vasm32-unknovn-unknovn --toolchain nightly 


00 13-99 (00 rustup 0000 Nightly (0000000 rustup 
target add [][|wWasm32-unknown-unknown[](][]rustupLl]LLILILILIL] 


LİLİLİLİL 
HUUUUUUUUUcargo new--lib (1000000hello vvasmill li 
Cargo.toml[]01004b0000000013-100000 
000013-100[ [| Cargo.toml 
[lib] 
pach = "sro lib, Is" 
crate-type = ["cdylib"| 
DO DO sre/tib.rsOpddd0001 3-101000 
HLLL13-1011 ILILisrc/lib.rs 


1. #[link(wasm import module = "env") ] 

2 extern "C" ( 

3. pub fn logit (J; 

: pub fn hello(ptr: “const u8, len: u32); 
5. | 

#[no mangle] 


6 
is. Dub. extern "C" £n add one: 152) 4 
8 


i unsafe 1 
ə. LOGLEL) 
10. let msg = format! ("Hello world: {}", x + 1); 
LL. hello(msg.as ptr(), msg.len() as u32); 


12, } 
Loe J 


0000015-101000105000extern QCUUUWavascriptQUU0uu 
logit[]hello[] I logit []LHLILLILIL] java S cript[][]console.10og []L]L]LI 
hello DO0DO000 00 0000000000000 Rust0 000000 wasmpO 00 
JavaScript 000000001 00000 Mlink[[wasm_import module” 
Lenvl VT 00000extern[](wasm(]0000env]00000000000000000 
ODO env] 

OOO Rust ddg00000C-ABIJONODOLLVM WebAssembly 
Backend TTT TİTTTİTLLİLEvvasml TT Uestercol 


0000601200000lno. mangle] [pub extern[|C{} 0000 
add one (TTT 152 000000000000000000000000000000 
LIİLİTLİİLİİogütlihellolliLiiHSTİİLLİmsgTiİLİLULULİLELLLİLmsg.as ptr 
LİLİELİİLİİLİLİLİLİLİLİLİLİhnelloT TTE] 


UNU hello wasm 0000000 hello.htimifTlhello.isHIHUNHMLU 
hello.htmiHUUUUUU9U13-1021LLU( 
000013-102[000hello.html[[] 


<LDOGTYPE html> 
<html lang="en"> 
<head> 
<meta charset="utf-8"> 
<title>hello wasm</title> 
“script sro-"./hello.T]e9" AAA script 
</head> 
8 </html> 


00001 3-102 000000 HTML00000000060000hello.js000000 
O00O0hello.js0000000013-103000 


000013-103000hello.js[]0] 


— OY Gi A W N FP 


lL. Var moa; 

2. var imports = { 

C logit Q => 4 

4. console.log("this vas invoked by Rust, vritten in US"), 
2. by 

Öz hello: (ptr, len) => ( 

Ts var buf = new Uint8Array ( 

8. mod.instance.exports.memory.buffer, ptr, len 

B. ) 

hü. var msg = new TextDecoder('utf8').decode (buf); 

Lis alert (msg); 

(Es 1 

l3. | 

14. fetch('output/small hello.vasm") 

135 «then (response => response.arrayBuffer()) 

16; «then (bytes => WebAssembly.instantiate (bytes, (env: imports))) 
dis «then (module => | 

Lö, mod = module; 

19 module.instance.exports.add one (41); 

20. #3 


0013-1031 0000 modo wasm DEED IET EID OA 
0201 Spi DimportstIDED ET begit e hello i 


UHHLELL hello 000 ptr 0000000000000 
WebAssembly. Memory 0000000 000000000[UintSArray[ 
TextDecoder [00 ptr00000000000 Javascript D] E] E B. UO U U 
UintöArray[]100000mod.instance.exports.memory.bufter [| 
[|| Array Butfer[ İTTİLLL 

00000 141120 000 fetch (000 wasm (00000 arrayBufferlll 
([WebAssembly.instantiate[ ]imports(]00000000env]0wasm[ 0] 
00000000000000000000000]add onef] 


O0000000Rust00000wasmf[]O0hello wasm | [000outputl[ 
00000000wasmil0000wasmi]0000000000015-104000 


100013-104[01]wasmi 000000 


$ cargo build --target vasm32-unknovn-unknovn 
$ cp target/vasm32-unknovn-unknovn/debug/hello vasm.vasm output 


$ vasm-gc output/hello vasm.vasm output/small hello.vasm 


UHUHUHH13-104 1111 cargo build [][][]wasm32-unknown- 
unknown |] |] target [] 7 O 1 O taget/wasm32-unknown- 
unknown/debug NODOO hello.wasm[]0000000output 00000000 
vvasm-gc [][][0 output/hello wasm.wasm [1] LI LULLu tutt 
output/small hello.wasmil|[|[| JJI Imakel II IL IILI IILI) 

DU cargo install wasm-gc [[1010000000000wasm(00000 
00004d000000000000000000 DEPON II II L LIwasm-oclI[| 


nnnnnnn 1421 (hello wasm/hello.htm100000000000 
“Hello world]42 "000Ruston o wasmQ 00000000 


13.4.3 [[[WebAssembly|[]]l] 


LLLLLURustlliiLiiivvasml TİHEELLLELLLVVebAssembiylilli 
010000000000000000000000000000000000000000Rust 00000 
wasm-bindgenf111000000000Rust0O0wasmf]00000000000000 

: wasm-bindgen [| LELLİavaseriptHRustiiHUUUveasmliLil 
LILILILILILILILILILILILIRusti THLLTavaseriptiİLLLLiLiLiLiLLLİLİLİLLVvasmlir 
LİLİLİLİLİLİLİİLİTİTİT O 000 00000000 


` wasm-pack (JJNNUUNUURustNUwasm|)apm(NNUNUNU 
npm[]node.js[ JavaScript J]]]Jwasm-pack 0000000 ]JavaScript[] 


LİLLİ opt JL | 

- cargo-generate [J|]|][|][|Wasm-bindgen[]wasm-pack[(]l]l] 
QDODODO 

LL Rust] O0O0Rust[]WebAssembly[]0000000000000 
RustİTi vvasmiTTTTİTİİTİTİELİ" O 

wasm-bindgen NODO JavaScript (00 Rust crate [11000000 
0000wasm-bindgen [10000 js-sys 000000000 JavaScript API |] 
00000000wasm bindgenfilisliLLLiLiLİLİLNNULLvveb-sys 000000 
[Web APIO00000000000 

0000 cargo install cargo-generate []|]|]|] cargo- 
generate[]0000000cargo-generate[|00000wasm-bindgenl[ II 
0000000153-105000 

LILILILI13- 10511cargo-generatel | 11100000 


$ cargo-generate --git N 


https://github.com/ashleygvilliams/vasm-pack-template 


00000000000000 Cargo.toml 000000 wasm-bindgenninmnü 
vvasm-bindgenl IHUUUUNig htlyIIULMLUU3Uvvasm-bindgem-cliiLiLu 
00001 s-106000 

ULLU13-1061TiLvvasm-bindgen-cli 

$ cargo +nightly install wasm-bindgen-cli 
000wasm-bindoen-cli[1000000wasm-bindoenl | 000wasm[] 
000000000000wasm-pack[]0000013-107000 
000013-1071[00wasm-pack! | | |[|wasm-pack İLL 


$ cargo install vasm-pack 


$ vasm-pack build 


0000 13-107 00000000000000000UD vvasm-packfTiTiTiLiL 
wasm-pack build EDD D abd OEC avaSceriptt I II! 
LiLililİvvasmi inpmi VT 


000Rust0000wasm0000000000000000wasm-bindgenO000 
[20] ropp 
0000000000000WebAssembly0000000000000000 


: Stdweb |] ] Rust] WebAssembly[]00Webl1000000000000 
(0[Web0000000000web-sys000 

: cargo-web [[10100WebO0000Cargol00000 

> yew LILLHLULLLULVVeblLRustllliElilistdvveblililiiHL Elmli 
Reactl ][ ]| ] 

: percy İİTTTİİTTİDomİTİTİTTİTTİİFTMLİTİTİİTİİLİİDomİİ 
000000RustWasmf]000WebOOO 

: ruukh (000000Rust Web[]0000000Vuae.jsOReact.js110000 
[]Rust| |:WebAssembly[] 


LCD CD Rust ECOL Web [II III 
13.5 [T] 


000000000000000000000000000Unsate Rust0000000Safe 
Rust 100000000000000000000000°0000°70 

[Safe Rust 0000Unsatfte Rust(]00000Unsatfe Rust III 
0000000000000000000000000000000000Unsate RustQ000000 
00000000000000000Unsate Rust(]000000000000000000000 
Unsafte[]000000000000000000 Unsafel]000000 R us tC 00000000 
00000 Unsatel]0000 

00000Rust00000000Unsate Rust”0000000000000O0 Rust 
0000Unsatel]000000000 

0000000°000 '0Rustl000FFIOOOO00D0O0OOO0O0OO0OC-ABIOOOO 
HUO Rusti CHC PP Ruby [Python ]Node.js010000000000Rust000 
UF FITTLLITLFFİI 

0 O WebAssembly [] O 31311 RustH201811111-11 
WebAssemblytÜ[ P iu WebAssembly p p b TE 


Rust] WebAssembly[ [OO0O0Rust000000wasm-bindgenl]wasm- 
pack[]1000WebAssemblyl]00000000000 


00WebAssembly[ ]Rust(]0000000000Web0l00000000000000 
OOUHOUOOOOOOOODOOOOUOOOOOOOODOOODORust TETTE II III! 
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121 00000000000triple(000 O0https[//forge.rust-lang.org/platform-support.htmi. 


[3] https://doc.rust-lang.org/reference/items/external-blocks.html. 





[4] https://crates.io/crates/cc. 

[51 00000000Linux]macOS][] 

[6] https://github.com/rust-lang-nursery/rust-bindgen. 
[7] https://github.com/eqrion/cbindgen. 

[8] https://github.com/alexcrichton/ctest. 

[9] https://github.com/TimNN/cargo-lipo. 

[10] https://github.com/prevoty/jni-rs. 

[11] (00000macosfr000000000.dylib[] 


[12] [0000Node.js V10.7.0000000N-API0O0000 


[13] https://github.com/WebAssembly/reference-types/blob/master/proposals/reference- 
types/Overview.md. 


[14] https://github.com/WebAssembly/host-bindings/blob/master/proposals/host- 
bindings/Overview.md. 


[15] https://webassembly.studio/. 

[16] (000000000https[///webassembly.org/docs/semantics/[] 

[17] 0000000https[i//webassembly.studio/[f=asgnsli6ru3of[] 

1181 (000000 https[]//webassembly.studio/[|f=ottwfve7alll[] 

[19] OOOO Firefox Nightly|[| 1] 

[20] https://rustwasm.github.io/wasm-bindgen/introduction.html. 


LA Rust UI 


A.1 HILITILILILLIRust 


00000000 Rust OUT Rust UDO PlayGreud DET 
https[]//play.rust-lang.org/000A-100000000000000000000000 
UULNUUNUU Rust 


DEBUG STABLE SHARE TOOLS CONFIG 








Execution Close 


Compiling playground v0.0.1 (file:///playground) 
Finished dev [unoptimized + debuginfo] target(s) in 0.55s 
Running target/debug/playground 


Hello Rust 


[]JA-1[]Playground[][] 

Rust[10000000000000Read-eval-print-loop[]REPLOOOOOOO 
00000000000000 Playgroud [11000000000000000000 REPL [| 
LİLİ 

PlayGroudlIUULULLULLİLLLİLLİLİLİLİLLMMAS MİİTLEVM IROMIROOO 
A-2000 

OOMIRDOODOOOODOOOOMIROOOPlayGroud[[O0000Rust0000000 
(0 Stable[]Beat[]Nightly10000000000000Debugl]Releasef[] 





WHAT DO YOU WANT TO DO? 


Run 
Build and run the code, showing the output. 
Equivalent to cargo run. 


Build 
Build the code without running it. Equivalent to 
cargo build. 


Test 
Build the code and run all the tests. Equivalent to 
cargo test. 


ASM 
Build and show the resulting assembly code. 


LLVM IR 
Build and show the resulting LLVM IR, LLVM's 
intermediate representation. 


MIR 
Build and show the resulting MIR, Rust's 
intermediate representation. 


8 
> 

WASM ] 

Bulld a WebAssembly module for web browsers, in 

the .VVAT textual representation. 


DA-20000000000000 
A.2 HT Rust 
Rust TTİTTİİTTTLLLİİİrustcilcargotl 
: rustclTlRust III 
: cargo[][]|Rust[ HOHO 
RustİTİTTİTİTTİTLETİI 


 Nightly[][010000°00°000Rust000000000000000000000000 
LİLİLİLİLİLİ 


: Beta[|[ IILI III LIL Nightly 0000000000000 
: Stable[]010001000000000000000000000Bugl00Betal]0000 


000000000 Stable (00000000 Nightly 0000000000000000 
HUUUUUUNightly DO 

A.2.1 [| Rust 

Rust(]100000000000000Orustup[]0000Rubytlrbenvf]Python 
Opyenv JON odef]nvm[ T] 

0000000000O0rustupi 


curl https://sb.rustup.rs =sst | sh 


OOOH INightlyl[i[ it) 


curl https://sh.rustup.rs -sSf | sh -s -- --default-toolchain nightly -y 


0000000000000000 Windows] 00 Mac) Ubuntu HOHO 
rustupliLCargolililillirustcllcargolirustupliHiHLLUUULHERLLU 
UNIX 0000000 $SHOME/.cargo/bin [] Windows (00000 
I%USERPROFILE%\.cargo\bin|] 


LLL AL AL AL AL AL III) 
rustc --version 

LİLİLİTİTİ TT ERRRRRRRRRRRRR 

rustup[]00000000000000000OIrustup default HAHA 
rustc| ][ || 

rustc default nightly 
UL 
rustc default nightly-2018-05-12 

LİLİLLLLLrustup TİlİİLİLİLİLİLİLİLİLİLİLİT İİİ İTTTTTİTİİİLİLİLİLİLİLİ LL 
0000000000rustup-h AAA Orustu pi U II 

A.2.2 (10000 

HOHO Rustu pH ETUDE S TeTiiRustupli 
UL 

01100000000 


export RUSTUP DIST SERVER=http://mirrors.ustc.edu.cn/rust-static 
export RUSTUP UPDATE ROOT=http://mirrors.ustc.edu.cn/rust-static/rustup 


L2 LIED cargo Tin] 
[CARGO HOMEHLUULUULUL/.cargoLLLLLLLconfigTiLİLİLİLİLİL 
UU 


İsource.crates-iol 

registry — "https://github.com/rust-lang/crates.io-index" 
replace-vith € 'ustc' 

[source.ustc] 

registry = "http://mirrors.ustc.edu.cn/crates.io-index" 


A.3 []Docker|||]| Rust 
000Dockertfile (0000000 


FROM phusion/baseimage 

ENV RUSTUP HOME=/rust 

ENV CARGO HOME=/cargo 

ENV PATH-/cargo/bin:/rust/bin:$PATH 

RUN curl https://sh.rustup.rs -sSf | sh -s -- --default-toolchain nightly 


-y 
HOHO UO Nightly 000000 nightly [stable D HD OD UTE UU 
nightly(1000000000000000 


RUN rustup default nightly-2018-05-12 


A.4 Rust IDEID 

IDENODOOOOU Visual Studio Code[]Intelli] IDEADO 
10000000000000000Emacs[]Emacspacel[ jVim[ JAtom[ [] 
A.5 [00000000 

A.5.1 Raceri ||] 


Racer[]Rust000000000000000000Interllij IDEA Rust lL] 
LELULLULLLLLLELULRacerl HALOOO HAS TL TE] 


cargo install racer 


III III ODO LL LL) rustup OO 


rustup component add rust-src 


LİLİLİLİLİLİLİLİLİLİLİİ? 


export RUST SRC PATH-"Ş (rustc --print sysroot)/lib/rustlib/src/rust/src" 


A.5.2 RLS 


RLS [Rust Language Server D bab IDE 
LİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİLİL İLİLİL İLİLİLİLİLİLİLİLLİLİUİLİLİLİDETİ 
LİLİLİLİTİLİLİTİ İİLİİTLİLİLİ? 

RLS[]Rust NULULUNUNUL Visual Studio Codef]000000000 
LLiLinightiyflRusti ITT 


RLSOOOODOOOREADME İLİ (0 Zrustup0000000000000000 
Lillracerl (OU racer UU 
A.5.3 cargo ||| 


00 Rust 0000000cargo IBUBDUUDbuiarp UU 
LİLİLİLİL İLİLİL İL İİ İLİ İLİ İLİLİLİLİLİLİ İLİTİLLİ cargo UUL 


clippy 

000000000000000 ode Smelli filülirustupliULiclippyti 
rustup component add clippy 

rustfmt 


LİLİLİLİL İLİLİLİ TDI İLİ İLİ I İTİ cargo İl İLİ İLİİLİ 


rustup component add rustfmt 
cargo fix 


011.2900000Cargol]0000 cargo hino d d 
OU 


[1] https://github.com/rust-lang-nursery/ris#setup. 


UUB Rust III 


000000 Rust ITU UbRusd U L LRusti (I )201o6l]9[|l] 
000000000000CVE-2018-1000657 İLİ (Rust [00GitHubO0000 
issues 121 000000 

LİTTTTTİTİ 

: ULİLVecDequeltTTTiiil” DD İLİ” UL "000006 BI] 

: Rustlllisegfaulti TİTLİLLULLLLLU BU 

- Rust] LU BHLULLLMU nsafe Rust] 

- NUHUBLULLULULULUULULLLULLULULİLLUEstdLlLiptrliLivrriteHlilİNULLLULL 
HUOT UU 


: Rust UE VecDegue UU 


unsafe [] JU UUUUUUUUU0UU00U000000000000000000U0U000 
Segfault|] 


LİLİLLİTİLLƏB TTTlissuesl İl İLİLİLİLİLİLİİİİLİLİLİLİLİLİLİLİİTLİLİHLLDBİ? 
mac SD Linux TG DDT 


B.1 [000 


00000 rustup install 1.20.0 (00000000 Rust 00000000 
rustup default 1.20.0000000Rust00000 


UULULULULULULİVSCode TiLLCodeLLDB AAA Machi 
Linux [0GDBOOOOOOOOOOOOOOcargo new Ildb demo İİ l| 
src/main.rs 1 II I.İLİLlissuesl İLİNLLLLLL 


HERE 
use std::fmt; 
use std::collections::VecDeque, 
pub struct Packet 
{ 
pub payload: VecDeque<u8>, 
) 


PO A CO N PH 


mn pub struct Header 


8. { 

9. pub data: Vec<u8>, 

10. ) 

11. // 4% 

12. impl Header 

13. 4 

La, pub fn nev() -> Self 

Lü. { 

19, Lee data = Veci wich capacity (29); 
ld. Headerídata] 

18. } 

19. // 4% 

20. |] 

21. fn push ipv4 (packet: &mut Packet) 

22. 4 

23, // A 

24. ) 

25. fn push mac (packet: &mut Packet) 

40.2 4 

2:7. Let mut header = Header: swith capacity (30) ; 
28. // A 

29. println! ("new packet € {:?}", packet); 
Sü, + 

Jl. En MALTI 

DE. d 

23. let mut packet = Packet::new(); 

34. push ipv4(&mut packet); 

39. push mac(&mut packet); 

36. ) 


00000000000src/appendix/11db.rs10000000000014b00000 
0000rust-1db0000000VSCode[]0000B-10000VSCode Debug[ 
000000000000 Add Configuration...10000000 


mmm EE, 
N DEBUG Y Debug tests in tao-of-rust | 


4 VARIABLI Add Configuration... 





[]B-1[]]V SCode Debug III 


HU B-2Q000U00DebugQUUUUUUU0 LLDB[]Debug Cargo 
Output [IILI ILILILILILIL IILI IILI I 


: Connect to server 

: Launch file 

: Launch packaqe 

: Launch test function 

: Launch test packaqe 
: Attach by Name 


: Attach by PID 

: Custom Launch 

: Debug Cargo Output 

: Debug Cargo Tests 

: Launch a New Process 
Node.js: Attach 





0B-2000DebugO0 
B.2 [ET 


1000000000000000000000B-50000main 0000000000000 
main (İTİLTİİLİİTİLİLİİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİİ 


let mut packet = Packet:: 


(Smut packet); 
(&mut packet); 





0B-300mainQ 000000 
00Debugi]000000000000000000000000000000 
00B-40000000000Step Over JF TÖTİİLİİİLİLLİLİLİLİLİLİLİLİLİLLİLİİ 


main.rs — ildb demo 


= mainrs x r sus 


let fcs = [0xD9, 0x58, @xFB, 0xA8]; 

println!("old packet = 4:7)", packet); 

println! ("pushing {:X} {:X} {:X} {:X} ", fes(@], fcs[11, fcs[21, fcs[3]); 
packet. push_back_bytes(&fcs); 


println! ("new packet = {:?}", packet); 


ain() 


let mut packet = Packet: :new(); 
Jush_ipv4(émut packet); 
ish mac(&mut packet); 





== A gun eg geom ^ Er Eesen Est Eesen Ers Eet Eesen 
| A LL | | = = | A JN | J | | | | 

| IL -T JCC W V MI | LA 

A E i —İ = L | l = 


LLİLLLİTLmaini fiTİLİİİLİLİELİLİLİİB-əLİİL 


let mut packet = Packet: :nevi): 
push_ipv4(&mut packet); 
ush_mac(&mut packet); 


DEBUG CONSOLE 
Display settings: variable formateouto, show disassembly-outo, numeric pointer values=off, container summarieseon, 
Launching /Users/blackanger/work/box/data/apps/rust/1lldb demo/target/debug/lldb. demo 
old pocket = 00 BE 01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 44 05 06 09 37 03 BB 45 14 00 14 08 15 00 17 
pushing 09 58 FB AB 
new pocket = 00 88 01 02 03 04 05 06 01 02 03 04 05 06 01 02 03 04 05 06 00 37 03 BB 45 14 00 14 00 15 00 17 00 58 FB AB 


B-5000Step Over[]F10000000000000 





LLİİİİVSCodelllİİİİİCALL STACKIJ[ IIB OTI 


4 CALL STACK PAUSED ON STEP 
11db_demo: :main main.rs 
panic_unwind: :__rust_maybe_catch_panic 


std: :panicking: :try<(),closure> (910... 


std: :panic: :catch_unwind<cLosure,()> ( 
std::rt::lang_start @1000127c0..10... 
main @700008ae0..100008b10 14 
start (D7fff7851e014..7fff7851e01d 4 





LİLİLİLİL İTİL 0000000 

- main([1000000Rust00000000000stdOrtO0Olang star 
main) JJ pO D 

: lang start[][Gloabl Heap[1000000main]0000000panic[] 
[III] 


: Rust]00LLvMO0000000000000000000000000cleanuplll] 
LİLİLİLİLİLİLLİLİİLİ panic bii] ali pp CDD CEC don dond 00d 00000000 


LİLİLİL İL İLİLİL İL İİ İLİ İLİ İLİLİLİLİTİLİLİLİLİYİLİL? 


LİLİLİLİLİLİLİLİLİLİLİLİ İİLİTİLİB ügT İLİLİLİLİLİLİLİLİLİLİLİLİTİLİLİLİLİLİLİLİLLİULİLİLİ 
0000000000000000000 rtlilllang: start (1100000000000000000 
00000000000000000 CALL STACK fifilistdlilirtlilllang star 
DEIEICIEDTETDICIETDICTETEIE ETC TEILE EID CTLIDL TEIL CILE B 7000 


10001295A: 48 80 7D CO eaq —0x40(*rbp), *rdi 
10001295E: 48 89 C6 nova Xrax, %rsi 
100012961: EB 7A C3 FF FF calla 0x100006ce0 

02 100012966: 48 (7 45 AQ 00 00 00 00 nova  $0x0, -0x60(*rbp) 
10001296E: 48 C7 45 A8 00 00 00 00 nova  $0x0, -0x58(*rbp) 
100012976: 48 8D 45 98 eaq -—0x68(%rbp), %rax 
100012974: 48 89 45 BO mova  *rax, -0x50(%rbp) 
10001297E: 48 8D 30 EB F9 FF FF eag  -0x615(*rip), *rdi 
100012985; 48 8D 75 80 leag  -—0x50(%rbp), %rsi 
100012989: 48 8D 55 AO Gan  —0x60(%rbp), *rdx 
10001298D: 48 8D 5D AB Gan  —0x58(%rbp), *rbx 
100012991: 48 89 D9 nova *%rbx, %rcx 





std: :ponic: scotch_unwind«closure, (p> 
std: :rt::long_stort @1000127c0..10... 
min 8100008300. 10000810 14 Display settings: variable formotecuto, show disassenblysauto, numeric pointer volueseoff, container somon lesson, 
Launching /Users/blockonger /work/box/doto/0pps/rust/11db, demo/torget/Óebug/114db, demo 

old pocket = 00 ES 01 02 03 O4 05 0G O1 O2 03 SE 01 02 03 @4 05 0G EAR 45 14 00 14 OF 15 00 17 

pushing 09 58 FR AS 

nea pocket = OO 8S 01 02 03 EA 01 02 O3 05 06 01 02 03 2 32 00 37 03 80 45 14 00 14 00 15 00 17 00 58 FR AS 


DEBUG CONSOLE 


start ©77077851e0M..71077851e01J 4 


[]B-7[][]CALL STACKİ İstdflirtliHlang start 0000 


UNUNU Step Over III LIL IILI LI IB -G[ UI! 


ra 


LA Ld yon 
ə VARIABLES 


dr op 
+ Local 


100004CE0: 55 pusha %rbp 

100004C(£1: 48 89 ES novg %rsp, %rbp 
100004C£4: 48 83 EC 10 suba  $0x10, “rsp 
100004CF8: 48 89 7D F8 nova  *rdi, -0xB(*rbp) 
100004CFC: 48 8B 7D F8 -0x8(%rbp), %wrdi 
100004CF0: EB 38 FF FF FF calla 0x100004c 30 
100004CF5: 48 83 C4 10 adda — $0x10, %rsp 
100004CF9: 5D popa  *rbp 

100004CFA: C3 

100004CFB: OF 1F 44 00 00 Nop (krax,krax) 


e CALL STACK ao ON attr 
core: :ptr: :drop_ İn plocedi 1d deso: : Poch 
Lld deno: mp mans 102 
pora c unm nd rust ag sach pant 
td: port ding: itry) cloure 60 
std: panic: Catch unwindeclosure, Or 4 


WRUG CONSOL Y 


std: rt: Leg stort ©1000177c0 10 spley settings: voriable formot-euto, show disossembly=auto, sumeric pointer velues-off, contoiner a 
unching /Users/blockonger /work/box/ data/appa/rust/1 ldd demo/target/dabug/i demo 
ket - R @) G2 UM ES 0 G1 N G5 1.232 Ol 02 03 20.21 45 R OM 17 


min Au. 14 
ah uuo adə 


chet = H 01 07 03 MU 05 06 Ol S E GS 06 Gl O2 G3 2213 EA IR KOR UN 14 00 KI 17 MU SE FU AB 


UB-ölililfstep Overf]F10000000000 


DODO Step Into[]E 1 1 00000000000000000CcALLSTACKOnon 
OO0OHOcorelliptrtildrop in placefllİliİİİİVecDequelf İ TİLLİ 
0000000Step Intol]0000000corel]iptrtlildrop in place UI 


118-9000 


DEBUO b Debuş gab dere 1 © | 
4 VARIABLES 
+ Local 
"NIU E 
2. 
m... 
2 


a CALL STACK Ln Ze iv 
core: ptr: sürü İn placal loc: sw deg. 
cSt; ptre drop inp Lece<| ide dees: ; Poch 


A... maina 15 


ME İL, POLİCE b EA 


1089004038: 
108884C31: 
10000434; 
100004( 38: 
100004C3C: 
1009904640: 
1000904645: 
100004(47: 
1002004648: 
1000040 4C: 
100004C4D; 
100004(50: 
100004054: 
100004057; 


100004C5C 


55 

48 89 ES 

48 83 EC 20 

48 89 70 EB 

48 88 70 EB 

EB 18 26 00 00 
EB 27 

48 83 (4 20 

5D 

C3 

88 45 FB 

48 88 7D Fe 

89 45 E4 

EB 78 56 03 00 


: 48 8B 45 EB 


pusha 1 


müvü 


suba 


‘rsp, *rbp 
50x70, *rsp 
rdi, -9x18(%rbp) 
-0x18(%rbp), “rdi 


illa 0x100007260 


0x100004cb€ 
$0x20, &rsp 
%rbp 


=Bx8(%rbp), %eax 
=§xl0(4rbp), Ardi 
kadri, =0x1c[%rbp) 
0x18003a2d4 

=0x18[%rbn), Wrax 


Bani meind. AA maybe catch, pari c 
- prau CONSOLE 

std: poni cking: "Ire closure (90. 

Display settings: worioble fonmateguto, show disassemblysguto, numeric pointer values=off, container summariesson, 

Launching "Users/blackanger /mori/box/data/apes/ rut Lë deno tanget debug 11 db. domo 

old pocket = R gl 0 A 06 öt 01 07 (0 ERE gl (2 E.A Əl POR 14 1 00 15 00 17 

pushing 29 54 Fš AB 

fw pocket ME 35 OL 02 03 04 05 06 01 02 VA 64 05 KG OS 40:0 2 32 00 37 01 KA 45 14 (M 14 BUN 17 OA 53 FA A 


std: (şəni cı rcatch unwindeciosure, Ün d 
std: Pts: Long start BR, 

sgin 10000640. 100008b10 M 
tt Poire rp Bud P | 





0B-9000Step IntofF11Q000000000drop in place[][] 
LİLLİLLLVecDequelİİLİTLTİTİTİTİTİN 


1. // VecDeque«T»JT44 Bak 

2. unsafe impl<#[may dangle] T> Drop for VecDeque<T> ( 
çə fn drop (&mut self) ( 

4. let (front, back) = selT.as mut slices () ; 
2. unsafe { 

6. // WAR [T] LEA 24 

T. ptrs:drop in place (front) 2 

8. Piryidrop in place (back) ; 

9. ) 

LB, // RawVec HEA EAL 

dələ ) 


län d 


LİLİLİLİLİLİLİLİTİİLİ VecDeque TİlİLİLİLİLİLİLİİİ İİ İLİLİLİLİLİLİLİİİ IILI! 
HOLLIS tp 2” 10000 


US ED p. + D 90007280. 10000750 


+ VARIABLES 


100007260: 55 pusha iech 
1090007261: 48 89 E5 movq 
100007264: 48 83 EC 50 suba 
100007268: 48 8D 45 EQ leaq 
10000726C: 48 89 70 BO movq 
188007270: 48 8B 7D BD mov 
100007274; 48 89 7D B8 movq 
100007278: 48 88 75 BB movq “öx48(srbp), 
10800727C: 48 89 C7 movq %rax, “rd 
10000727F: EB 1C B4 FF callq 0x1000026a0 
100007284: 48 8B 45 Eğ 

» CALL STACK PAUMD ON STI 100007288: 48 88 4D EB 

A í 10000728€: 48 89 45 (0 


core; ptr: Gren in plocesal lect ver deg. a are 

100007790: 48 89 40 CB 
Core: ptr: drop Ln placecl db demo: -Pech 
` aana? is AD OG AE CB 
AT asno; ¡main mar. rs 


olud CONSOLE 
pon ç ein: "ust maybe patch panic 


std: ‘panicking! try) closures 51 Display settings: vor ne Le : format «Sto, show disossembly=auto, numeric pointer values=0ff, container summer eğen. 
Lowsching "hyers/blockanger/work/box/date/apps/rust/11do. demv/target/debug/11db. deno 

old pocket = 09 BE 01 04:8 05 65 01 0z 03 3232 2/0 01 04 20 3 00 37 03 50 45:14 00 14 00 15 00 17 

std; seti slong stort (1000127c0..10.. pushing 09 58 FO AB 

main 6 0000690. 100008510 H new pocket = 00 EE pl az 03 Bl 05 06 41 Y 83 2-3 Yl 42 OI 04 05 06 09 37 03 BQ 45 14 QU 14 00 15 90 1/ 09 SE FB AS 
sat o QNUYH7851e014.. 706785 4 


itd: :paric::óomteh unmwinderlosute,Cn 4 





IULStep 0100 ec ll 
asten Ote 
OOUOOOOUOOL 


00000main1010000000000000O0main [000000 Rust TTT 
JUJUNUYUNUUUUUUJUNUUUNUUJUNUUUNUULUNUUUNUUUL 
VARIABLESİ İTLİ LİLİİLİİLİLİLİLİLİLİİB-1 1000 


4 VARIABLES 
4 Local 

> self: {cap:@} 
4 Static 





3-1190Step IntoNO0000VARIABLESOOOO0 


LİLİLİLİLİLİLİ İLİLİLİLİLİLİLİLİLİLİLİTİLİLİLİLLİLİ VecDeque ILL Raw Vecihi 
00000000000Odealloc buttert]0010000B-12000 


— 1000039AF: 48 88 85 60 FF FF FF nova  -0xað e 
100003986: 48 mova SİX, ELIT 
10000398A: EB 00 alla 0x1000063b0 
10000398F: 48 Lean  —09x40(%rbp), “rdi 
1000093903: 48 Lean  -—0x20(%rbp), *rsi 
1000039C7: 48 FF FF FF mova  -0x88(*rbp), *rax 
10000 39C£ : 48 nova @x8(%rax), %rdx 
100003902: EB 00 alla 0x100006530 
100003907: 48 cag -0@0x58(%rbp), rdi 
100003908: 48 Ce Lean —0x40(%rbp), %rsi 
10000390F: EB 4C FF | 0x100002030 
1000039£4: 48 FO Lead -0x10(%rbp), %rdx 





1000039E8; 48 A8 nova — -0x58(^rbp), %rax 
1000039EC: 48 Be mova  -0x50(*rbp), *rcx 
1000039F0: 48 98 movg ‘%rax, -0x68(*rbp) 
Mh un yede ft Wine dinis debi 1000039F4: 48 89 AQ nova  *rcx, -0x60(*rbp) 

UIT NDERIT IU HL vec: ¡have 1000939F8: 48 88 78 FF FF FF mova ~OxB8(%rbp), %rax 


in places} loc: vec degoe: Ver 


e CALL STACK m On KAILI 


sl oc! "rom vecıı ((m))): :460) loc buf feran 


PRG DEBUG CONSOLE 
MATA demo: : Packets 


main.rs © Display settings: vorioble formet-outo, stow discssembly-cuto, numeric pointer volwes-off, container vamories-on 
Launching /Users/blockanger/work/ban/deta/apps/rust/| ldb_demo/target/dedug/11a_ dem 
old pocket = BURN BUS 66 G1 G2 BB OS O06 G1 G2 BU SS 1 37 G3 EIE Bra vu 17 
try), closures 91000127 pushing 09 58 FS AS 
er RAR N N 28 2 0.2.32 21.0 EIN N X BAR 45 14 14 WAT 00 17 O $4 FR AS 


rust C panic (1 


samanan IntolLULULLUULLLMdealloc buffer (00 
00000000heapllOdealloc[]10000000000000000B-13000 


a CALL STACK PAUSED ON STEP 
alloc: :heap::{{impl}}::dealloc 6910000643... 


alloc: :raw_vec: :{{imp1}}: :dealloc_buffer<u8,al 


alloc: :raw_vec::{{imp1}}::drop<u8,alloc: :heap: 
core: :ptr: :drop_in_place<al loc: :raw vec: :RowVe 


core: :ptr: :drop_in_place<al loc: : vec_deque: :Vec 


[]B-13[]]BStep İntoliLlilliliheaplilidealloclilL 
000G0jemalloc[]0000000000B-14000 


4 CALL STACK PAUSED ON STEP 





alloc_jemalloc::contents::__rde_dealloc ©.. 


alloc: :heap: : [fimp1)): :dealloc @100006d... 
alloc: iram_vec::{fimpl}}: :dealloc_buffer<u8,al 


alloc: :raw_vec: :{{imp1}}: :drop<u8,alloc: :heap: 





core: : ptr: :drop_in_place<al loc: :raw_vec: :RawVe 


[]B-14[][]Step Into[]00000jemalloc[]dealloc[]0000 


(Rust 1.2000Rust000000000Jemalloc[]0000dealloc[]000 
JemalllocQQU0000000000000000000000 
LLL VS CodeQQUUUUUUB-1 5000 


10000E744: 48 BD 7D B8 


lock (971ff7883434c..7fff788 10000E748: EB 13 B7 FF FF 
10000E74D: BE 18 00 00 00 


00E752: BA 88 00 00 00 





DEBUG CONSOLE 
ettings: vartable formot-cuto, show disassembly-cuto, 
a/apps/rust/ ildb, demo/'* 

4B 01 02 5 


2574 
BET 


T 


common: :cleonup::{{closure}} @10 

ES :((closur new ket = 00 55 01 02 03 O4 05 06G 01 02 03 ©+ 05 06 01 G2 03 
di :((lap1))::coll_ inner @10.. Stop reoson: EXC_BAD_ACCESS (code=1, oddress=@x8) 

anre» e Sinn ` Stop reason: EXC BAD ACCESS (code=1, oddress-0x8) 


LA Ka AM La. 


“ L 
P hr 
std 
std 
std 
oll 
olloc 
std: 
std: 
std: 
std: 
atd- 

e BREA 


e 

o 
CRT 
1 48 
A 


08-1500000 

00000 std[]]syscommonl at exit imp[][]cleanup (1000000 
OOlstdisyscommonf[ [at exit imp[]rt000000000000000000 
DODODOOD O 0000 

OOOVSCode LLDB Debug[][HDD[]EXC BAD ACCESS HOHO 
000000000pthread mutex lock[][]][lpthread mutex Joch! III 
[llibc| IILI IILIAPI[II IILI IILI IEXC BAD ACCESS 
“DODO ODO O O O DO O O U On 

ITU 

B.3 JU 

O1ODOOOO00000000000LLtDB0000 

0200000000000000000 

0300 main (01000000000000000000000000000000000000 
[panic[] 

0400 main DODO 0000000 000000000000 0000000000 
cleanup[]000000000000000000000000EXC BAD ACCESS 
1000000 00U0000 000000 0000 

02000000000000pthread mutex lock lous III 

LİLİ 


[1] https://cve.mitre.org/cgi-bin/cvename.cgi?name=%20CVE-2018-1000657. 
[2] https://github.com/rust-lang/rust/issues/44800. 


